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1.1 About This Manual 


This manual is part of a set of reference documents which provide information necessary 
to design the 3D RAGE LT PRO into a graphics subsystem. These documents are listed in 
the System Publications Index at the beginning of this manual. 


The electrical and thermal characteristics described in this document are specific to the 3D 
RAGE LT PRO manufactured using UMC’s 0.35um process — which has voltages of 
3.3V core, 3.3/5.0V PCI I/O, 3.3V AGP, 3.3V memory interface, and 3.3V panel 
interface. Please contact ATI to obtain information on how to support all of ATI's 
graphics controllers, steppings, and foundries in one PCB design. 


1.2 Conventions 


1.2.1 Mnemonics 


Mnemonics are used throughout this manual in place of external strap pin resistor names 
and signal names. Active-low signal names are identified by the # character. 


The following example 1s the mnemonic for the Interrupt Enable strap signal: 


10. ENINT# 


The example below refers to the Product Type Code field that occupies bit positions 0 
through 15 within the 16-bit vendor ID register in PCI configuration space: 


11. SUBSYS_VEN_ID[15:0] 


1.2.2 Numeric Representation 


Hexadecimal numbers are appended with “h” (Intel assembly-style notation) whenever 
there is a risk of ambiguity. Other numbers are assumed to be in decimal. 


Several signals of identical function are sometimes described by a single expression in 
which that part of the signal name which differs is shown in parenthesis ( ). For example, 
the four Select signals - SEL#0, SEL#1, SEL#2, and SEL#3 - are represented by the single 
expression SEL#(0:3). 
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1.2.3 Acronyms 


Standard acronyms used in the literature are presumed known and will not be explained or 
listed. For unfamiliar or relatively new acronyms, the reader can refer to the following 
table for a quick check. Less frequently used and ATI-specific acronyms in general will 
have the full definition alongside when appearing the first time in the document. 


Table 1-1 Acronyms 


3D RAGE LT PRO Controller Specifications 


Advanced Configuration and Power Interface 


Accelerated Graphics Port 

ATI Multimedia Channel 

Ball Grid Array — 

Cyclic Redundancy Check 

Dual Super-Twisted Nematic - passive matrix 
Digital Video System | 

Erasable Programmable Read Only Memory 
First In, First Out . | 

Bus Protocol (Philips specification) 

MPEG Data Port 

Multimedia Peripheral Port 

Liquid Crystal Display | 

Level of Details (refers to texture pixel selection) 
Low Voltage Differential Signalling 

Flash Programmable and Erasable Read Only Memory 
Plastic Quad Flat Pack 

Super-Twisted Nematic 

Thin Film Transister - active matrix 


Chrominance (also CrCb) (corresponds to the color of an image | 
pixel) 


Vertical Blank Interval 
VGA Feature Connector 
Vector Quantization (refers to texture compression algorithm) 
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Table 1-1 Acronyms 


luminance (Y, black and white component) and chrominance 
(UV, color component) 


ZV Zoom Video 
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2.1 


Features Summary 


The 3D RAGE LT PRO 1s a highly integrated graphics accelerator with superior support 
for 3D and motion video, making it ideal for notebooks and LCD desktops. It is also the 
best choice for DVD notebooks and LCD desktops. DVD features include motion 
compensation, acceleration for soft DVD, integrated TV-out with Macrovision and 
support for 3rd party MPEG-2 decoders via the ATI Multimedia Channel (AMC). 


The 3D RAGE LT PRO delivers superior 3D acceleration and comprehensive 3D support 
including a triangle set-up engine, single-pass trilinear filtering, six perspectively correct 
texturing modes, video texturing, Gouraud and specular shading and a host of 3D special 
effects. It incorporates comprehensive support for Intel’s Accelerated Graphics Port 
(AGP) including 1X or 2X mode with sidebands 


The 3D RAGE LT PRO supports Tri- View in that it can output to LCD, CRT and TV 
simultaneously. It also includes two output controllers so that any two display devices can 
have different images and/or refresh rates. 


In summary, the 3D RAGE LT PRO provides OEMs and system designers with the 
following advantages for high performance and product differentiation: 


2.1.1 Unique Features 

e First mobile accelerator to use AGP 2X (133 MHz) in AGP Texturing with sideband 
signals to realize all the benefits of AGP. 

e First mobile accelerator to use Tri-View' architecture for a triple display solution 
allowing three simultaneous outputs to TV, CRT and LCD with up to two different 
refresh rates. 

¢ First mobile accelerator to deliver full motion soft DVD using motion compensation 
circuitry. 

° First mobile accelerator with integrated LVDS transmitter. 

¢ Innovative Dynamic Power Management with ACPI compliance. 

¢ Superior 3D performance achieved through a hardware setup engine and a 4KB 
on-chip texture cache. 

e Superior 2D performance with support of 1OOMHz SGRAM 
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TFT and DSTN panel interface support for up to 1280x1024 resolutions. 


Integrated ImpacTV2-quality TV output provides optimal image quality via 
programmable 6 tap flicker filter, resolution modes scale down from 1024x768 and 
16:9 wide mode support. Direct YUV422 mode, Macrovision 7.01 and CGMS 
support. 


Support for 2, 4, or 8MB frame buffers, and integrated 230MHz DAC. 
High quality ratiometric expansion that fits source images to any panel resolution. 


AGP and PCI versions of the chip available in 2 package options. 


2.1.2 General Features 


High integration results in a low cost, small footprint graphics subsystem ideal for 
motherboard designs. 


PCI version 2.1 with full bus mastering and scatter/gather support. 

Bi-endian support for compliance on a variety of processor platforms. 

Fast response to host commands: 

© 128-level command FIFO 

e 32-bit wide memory-mapped registers 

e Programmable flat or paged memory model with linear frame buffer access 


First triple 8-bit palette DAC with gamma correction for true WYSIWYG color. Pixel 
rates up to 230 MHz. 


Second triple 8-bit DAC for simultaneous Composite and S-Video, or RGB outputs 
for TV/VCR. 


Supports DRAM, EDO DRAM, SDRAM and SGRAM at up to 100 MHz memory 


_ clock providing bandwidths up to 800MB/sec across a 64-bit interface. 


Flexible graphics memory configurations: 2MB up to 8§MB EDO/SDRAM/SGRAM. 


Memory upgrade via industry standard SGRAM SO-DIMM, for reduced board area 
and higher memory speeds.  _ 


DDC1 and DDC2B-+ for plug and play monitors. 

Power management for full VESA DPMS and EPA Energy Star compliance. 
Integrated hardware diagnostic tests performed automatically upon initialization. 
High quality components through built-in SCAN, Iddq, CRC and chip diagnostics. 


Single chip solution in 0.35um, 3.3V CMOS technology, with multiple package 
options. | 
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¢ Comprehensive HDKs, SDKs and utilities augmented by full engineering support. 


¢ Complete local language supports (contact ATI for current list). 


2.2 Features Detail 


This section gives a more detailed description of the features of the 3D RAGE LT PRO 
Graphics Controller. Further details are provided in the chapters that follow. 


2.2.1 Dual CRT Controller Support 


Two independent CRT controllers support two asynchronous simultaneous display paths 
with the following features: 
e dual independent displays (LCD/CRT, LCD/TV, CRT/TV) 


* second triple-DAC for TV allows all three displays simultaneously with selectable 
display path source for each (e.g., CRT+TV/LCD, LCD+TV/CRT, LCD+CRT/TV) 


¢ resolutions, refresh rates and display data can be completely independent. 


° supports both independent displays at 1024x768, 24bpp, 75Hz (see mode tables for 
details) | | 


¢ primary display path supports VGA and accelerated modes, video overlay, hardware 
cursor, hardware icon, and palette gamma correction. 


¢ secondary display path supports accelerated modes and YUV422 video data. 24-bit 
palette is available. Hardware cursor, hardware icon (128x128), video overlay and 
VGA mode are not supported on the secondary display path. 


¢ video genlocking supported for both CRTCs. 


* secondary display path supports YUV422 direct for full-screen direct YUV-to-TV 
output (ideal for displaying full-screen DVD video on TV). 


2.2.2 Integrated LVDS 


° integrated dual 65 MHz LVDS interface with up to 10 LVDS channels for power and 
EMI reduction 


* dual pixel SXGA resolution TFT panels and XGA resolution DSTN panels 


° 24 bpp TFT (SGA/XGA) using dual pixel LVDS (versus 18 bpp using direct digital 
interface) | 


© 455 Mbps/channel with 65 MHz pixel clock rate 
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° DSTN - 120 Hz XGA (1024x768 60Hz) and 170 Hz SVGA (equivalent to 800x600 
85Hz) | 


e 3 pairs (+1 clock) and 4 pairs (+1 clock) modes for both single and dual pixel LVDS 


e FPDI-2 compliant; compatible with receivers from National Semiconductor, Texas 
Instruments, and THine 


« LVDS eye pattern to improve testability of LVDS module 


2.2.3 LCD Panel Control 


e Flat Panel Power Management 
e Programmable internal timer for automatic power down of the panel. 
e Standby/Suspend pins for hardware Power Management support 


¢ Standby/Suspend registers for software Power Management support 


¢ Power Up/Down Sequencer 


Power up/down sequencer built in to power up and power down the LCD panel in the 
correct sequence to avoid damaging of the panel. The delays in the power up/down — 
sequence are programmable. 


° Flat Panel support 
Universal panel interface that supports the followings: 


* Color STN/DSTN/CSTN LCD panels up to XGA (1024x768) resolution, up to 
160 Hz refresh rate, up to 256k colors on an 8-color panel. 


¢ Color TFT panel up to 1600x1280 resolution, up to 24-bit per pixel, single/double 
pixel per clock. 


e 2/4 levels of frame modulation can be done on 9-bit, 12-bit and 18-bit TFT 
panels. 


¢ Hardware Z-buffer support with both DSTN and TFT panels. 


e Integrated LVDS interface support 
¢ Support for Panel Link Interface 
Support external Panel Link transmitter. 
e Panel ID to allow multiple panel support without swapping BIOS 


Five bits allocated for panel ID 
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Features Detail 


DDC support for LCD monitors 
General purpose I/O pins available to support DDC on LCD monitor applications. 


Ratiometric Expansion in both VGA Graphics Modes and Accelerated Graphics 
Modes 


Display modes with resolutions lower than the LCD panel resolution can be 
ratiometrically expanded to fill the whole screen. 


Two tap horizontal and vertical filtering to improve both text and graphics image 
quality. 


Maximum source resolution support with vertical filtering: 
e horizontal: 896 24bpp 
e vertical: no limit 
There is NO limit on source resolution if the vertical filtering is disabled. 
Variable Blink Rate Support 


Different panels have different response time. Variable blink rate support allows the 
blinking character/cursor to be seen clearly. | 


Backlight and Contrast Modulation 


e Pulse Width Modulation for backlight on/off signal to control the brightness of 
the display. 


¢ Pulse Width Modulation for bias voltage on/off signal to control the contrast 
of DSTN panel. 


ACPI Power Management 


Advanced Configuration and Power Interface (ACPI) with On, Standby, Suspend and 
Off 

Mobile AGP 1.0 and mobile PCI 1.0 support 

Pin, Register and Timer modes for hardware and software power management 
Dynamic clock switching 


Panel bias voltage and digital power control 


Self-refresh and F32KHz refresh for Suspend mode 


TV-Out 


An integrated TV encoder with on-chip triple-DAC allows simultaneous CRT/LCD/TV 
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output with these outstanding TV-out characteristics: 


ImpacT V2 proven design producing scaled, flicker removed, artifact suppressed 
display on a PAL or NTSC TV with Composite and S-Video, or RGB outputs. 


Support for Macrovision 7.01 copy protection standard (required by DVD 
players) — a fully programmable timing capability, it will accommodate potential 
changes in the Macrovision algorithm without any hardware changes. 


YUV Direct/Passthrough mode for video/Mpeg playback and DVD provides the 
best quality for movie playback and will allow titles to be displayed on TV with their 
original high quality and without insertion of any artifact from the TV-out circuit. 


Secondary Display support for RGB modes as well as full screen YUV mode 
specially for video playback and DVD (while potentially displaying scaled video on 
the CRT). 


1024x768 24bpp support — improved from ImpactT V2 to support up to 1024x768 
mode. Modes supported include the 800x600 and 16:9 type display modes like 
848x480 with user flexibility for moving and sizing the screen. 


Line 21 Closed Caption and Extended Data Service support for encoding in 
Vertical Blanking Interval (VBI) of TV signal. 


CGMS-A DVD copy management support in VBI through Line-20 and/or 
Extended Data Service (Line-2] Field 2). 


UV filtering for a higher quality picture and reduced flicker. As in ImpactTV2, a 
high quality UV filter based on colour averaging is used to help diminish the 
composite dot crawl effect and also, by being adjustable, help trade off between 
sharpness and flicker. 


TV-out power management support. 


Proven Y flicker filter with programmable (2, 3, 4, 5, 6) taps produces high quality 
output with considerably more stable and crisper pictures. 


Eliminates “Composite Dot Crawl’ problem for both NTSC and PAL. Composite 
dot crawl freeze option for PAL and NTSC is actually exclusive to ATI and so far we 
have not seen any other product that supports this feature. 


Special sharpness filter and black and white mode to improve text quality. As in 
ImpacTV2, we provide more flexibility for TV’s that might only have a composite 
input by adding higher quality sharpness controls. We are also providing a black and 
white mode which will eliminate any false colour which impacts the quality of the 
text being displayed. Some of the popular web TV devices are actually doing the 
same thing on part of their user interfaces that contain a high concentration of text. 


Brightness and Colour Saturation Control. 


Independent Vertical Positioning of both the TV and CRT images. 
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e Independent Horizontal Positioning of both the TV and CRT images. 

e Independent Horizontal Scaling of both the TV and CRT images. 

e Vertical Scaling of the TV and CRT images together. 

e Fully Programmable TV Timing (facilitates setting a variety of display modes). 


¢ Programmable filter settings allow the users to tune the display to their 
requirements. 


e No overscan limitations of external ImpactT'V2. Overscan can optionally be 
displayed on the TV. 


¢ Varied output formats: 
e NTSC. 


e PAL B,D, G, H, I (PAL B,D,G,H,I are the same for TV-OUT), M (Brazil), N 
(Uruguay, Paraguay), CN (Argentina). 


¢ Composite Video (available on the majority of TV's). 


e S§-Video (available on Mid to High End TV’s, less colour artifacts, better 
resolution). 


* SCART-RGB connector (direct RGB into the TV - high quality resolution). 


¢ Output signal is generated at 50+ MSamples/sec to virtually eliminate the need 
for external analogue filtering. 


° Signal is digitally filtered to insure that it does not exceed bandwidth 
specifications of TV standards. This insures that it can be recorded, can be 
broadcast, and will comply with FCC regulations when input into poorly shielded 
TV sets. 


¢ Can detect wether TV/VCR is connected or not (Power-down/Power-up 
over-ride via software). 


2.2.6 AGP 1X/2X Mode 


Both AGP 1X and AGP 2X are fully supported in the 3D RAGE LT PRO. The 
DVD-enabled 3D RAGE LT PRO AGP 2X, with three times the 3D performance of the 
previous generation chip, is the first demonstrated AGP accelerator to support the AGP 
2X (133MHz) mode. The AGP 2X mode offers a peak bandwidth in excess of 500 MB/s, 
which is twice the throughput of the AGP 1X (66MHz) mode. In comparison, the PCI 
graphics devices are limited to a peak bandwidth of 132 MB/s which they must share 
among themselves. The 3D RAGE LT PRO also supports AGP’s pipelined sideband 
protocol. This significantly improves the sustained bandwidth leading to an enhanced 3D 
and video performance. 
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2261 


2.2.3 


2.2.9 


Floating-Point Set-up Engine 


The 3D RAGE LT PRO integrates a floating-point set-up engine capable of processing up 
to 1.2 million triangles per second. By off-loading the set-up function from the CPU, 
allowing it to focus on 3D geometry and lighting transformations, the 3D RAGE LT PRO 
dramatically improves the performance of the entire 3D pipeline. 


Compared with competing first generation set-up eee: which only accept fixed-point 
parameters, requiring the CPU to perform float-to-fixed conversions that can take up to 

100 CPU clocks, ATI’s floating point architecture opens the door to the highest level of 
3D performance. | 


100 MHz SGRAM 


Frame buffer bandwidth is another important factor to 3D and 2D graphics performance. 
3D RAGE LT PRO’s 64-bit, 1OOMHz SGRAM interface delivers 800 MB/s of 
low-latency frame buffer bandwidth, which is a highest bandwidth achieved by any 
mainstream graphics controller. 


It is the ideal complement to the high bandwidth AGP 2X mode interface. By contrast, 
single-channel, non-concurrent RAMBUS designs used by others are limited to 600 MB/s 
of high-latency bandwidth. 


ATI can provide design assistance, including IBIS models, to allow OEMs to design 
100MHz memory upgrades on motherboards using the new industry standard SGRAM 
SO-DIMMs. 


Zoom Video (ZV) Port 


° ZV Port (PCMCIA compliant with CCIR601 timing) 
¢ allows transfer of video data directly into frame buffer without loading down PCI bus 
¢ dedicated video port guarantees video frame rates (30 frames per second) 


* maximum 40 MHz, 16bpp YUV422 (PCMCIA specs 16 MHz maximum) 


2.2.10 DVD and Video Support 


DVD and video features include enhanced motion compensation acceleration and a 4-tap 
horizontal and 2-tap vertical high quality DVD video scaler, providing smooth images 
without the “jaggies” Gagged edges) common to today’s video products. The scaler 
provides true color video display, independent of the graphics mode used. 
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3D RAGE LT PRO also features a de-interlacing filter, video on graphics overlay, 
multi-stream video, color-space conversion, scatter-gather bus-master, planar YUV mode, 
ATI Multimedia Channel (AMC) video input port, Zoom Video input port (ZV-port), and 
support for high quality NTSC and PAL TV-out with an integrated TV-out encoder. 


By off-loading the motion compensation step from an MMX processor, the 

3D RAGE LT PRO improves software DVD/MPEG-?2 frame rate by 20 to 30%. The 
3D RAGE LT PRO provides full motion MPEG-2 playback on Pentium II processors, 
without the need for DVD hardware. 


2.2.11 2D Acceleration 


Hardware acceleration of Bitblt, Line Draw, Polygon / Rectangle Fill, Bit Masking, 
Monochrome Expansion, Panning/Scrolling, Scissoring, full ROP support and h/w 
cursor (up to 64x64x2). 


Game acceleration (including support for Microsoft's DirectDraw): Double Buffering, 
Virtual Sprites, Transparent Blit, Masked Blit and Context Chaining. 


Acceleration in 8/16/24/32 bpp modes. Packed pixel support (24bpp) enables true 
color in 1MB configurations. 


2.2.12 3D Acceleration 


Integrated 1 million triangle/s set-up engine reduces CPU and bus bandwidth 
requirements and dramatically improves performance of small 3D primitives 


4K on-chip texture cache dramatically improves large triangle performance. 


Complete 3D primitive support: points, lines, triangles, lists, strips and quadrilaterals 
and BLITs with Z compare. 


Comprehensive enhanced 3D feature set: 
° Full screen or window double buffering for smooth animation 
e Hidden surface removal using 16-bit Z-buffering | 


e Edge anti-aliasing 


© Sub-pixel and sub-texel accuracy 


e Gouraud and specular shaded polygons 
e Perspectively correct mip-mapped texturing with chroma-key support 


e Support for single pass bi- and tri-linear texture filtering, vastly improving bi- and 
trilinear performance 
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¢ Full support of Direct3D texture lighting 
e Texture compositing 


e Special effects such as complete alpha blending, fog, video textures, texture | 
lighting, reflections, shadows, spotlights, LOD biasing and texture morphing 


e Dithering support in 16bpp for near 24bpp quality in less memory 
¢ Texture compression of up to 8:1 using vector quantization 
¢ Extensive 3D mode support: 
e Draw in RGBA32, RGBA16, and RGBI16 
° Texture map modes: RGBA32, RGBAI6, RGB16, RGB8, ARGB4444, YUV444 
¢- Compressed texture modes: YUV422, CLUT4 (CI4), CLUT8 (CI8), VQ 


2.2.13 Motion Video Acceleration 


-e  §mooth video scaling and enhanced YUV to RGB color space conversion for 
full-screen / full-speed video playback. 


e Front and back end scalers support multi-stream video for video conferencing and 
other applications. 


e Filtered horizontal/vertical, up/down, scaling enhances playback quality. 


e Enhanced line buffer allows vertical filtering of native MPEG-2 size (720x480) 
images. 


¢ DVD/MPEG-2 decode assist provides dramatically improved frame rate without 
incurring cost of dedicated hardware. 


¢ Special filter circuitry eliminates video artifacts caused by displaying interlaced video | 
on non-interlaced displays. 


e Bi-directional bus mastering engine with planar YUV to packed format converter for 
superior MPEG-2 and video conferencing. 


¢ Hardware mirroring for flipping video images in video conferencing systems. 

e Supports graphics and video keying for effective overlay of video and graphics. 

¢ YUV to RGB color space converter with support for both packed and planar YUV: 
© YUV422, YUV410, YUV420 
° RGB32,RGB16/15, RGB8, Mono 
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2.2.14 AMC Operation 


¢ 16-bit, bi-directional video port allows direct connection to popular video upgrades 
such as: 


e Video capture / video conferencing 
e Hardware MPEG-2 / DVD player 
e TV Tuner with Intercast support 

e Interface to ATI’s ImpacTV chip 


For more information, refer to “AMC Developers Guide” 


2.3 Chip Packaging Options 


The 3D RAGE LT PRO is available in five AGP and PCI variants (packaging options) 
with different levels of AGP support, giving manufacturers maximum flexibility to 
differentiate products and upgrade existing designs. The table below indicates the several 
configurations in which the 3D RAGE LT PRO is available: 


Table 2-1 3D RAGE LT PRO packaging and identification codes 


312 BGA package, AGP: both 1X and 2X; without Macrovision 
312 BGA package, AGP: both 1X and 2X; with Macrovision 


0 

0 312 BGA package, AGP: 1X support only; without Macrovision 
312 BGA package, AGP: 1X support only; with Macrovision 

0 312 BGA package, PCI 33MHz only; without Macrovision 
312 BGA package, PCI 33MHz only; with Macrovision 

0 256 BGA package, PCI 33MHz; without Macrovision 
256 BGA package, PCI 33MHz; with Macrovision 


256 BGA package, PCI 33MHz; without Macrovision 
256 BGA package, PCI 33MHz; with Macrovision 


3D RAGE LT PRO AGP 2X 
e Incorporates AGP 2X mode (133MHz) and 230MHz DAC support 


e Triple 8-bit palette DAC supporting pixel rates up to 230MHz 


e Available in 312-pin BGA for optimal electrical characteristics 1 in the demanding 
AGP environment. 
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3D RAGE LT PRO AGP 1X 

e Incorporates AGP 1X (66MHz) with pipelined sideband address support. 

° Triple 8-bit palette DAC supporting pixel rates up to 200MHz 

e Available in 312-pin BGA package. This is a pin-compatible alternative to 
3D RAGE LT PRO AGP 2X for cost-sensitive implementations. 

3D RAGE LT PRO PCI 

e Incorporates 33MHz PCI revision 2.1 support. 

e Available in 312 and 256 pin packages with the following differences: 
e 256 BGA package does not support AGP | 


e 256 BGA supports up to 24 bpp, single pixel per clock digital interface; 312 BGA 
supports up to 24 bpp single pixel per clock and up to 18 bpp double pixel per 
clock. There is no restriction in LVDS interface, both packages support up to 24 
bpp single or dual LVDS channel. 


e 256-pin BGA package is pin-compatible with 3D RAGE LT, except: 
¢ The 36-bit digital LCD interface is no longer supported 


¢ XGA or SXGA panels with dual pixel interface are supported by the on-chip 
LVDS interface only. 


e Digital LCD interface support is now limited to 24-bit data. The 12 digital LCD 
pins, previously removed, are now used for TV encoder pins and other functions; 


¢ The reset straps are moved from LCD data pins to memory data lines. 


e An ideal upgrade to extend the life of existing motherboards, and the most economical 
solution for non-AGP systems, the PCI version incorporates the same performance 
enhancements and new features found in the AGP versions. 


2.4 Differences between AGP and PCI Variants 


2.4.1 Feature Differences 


¢ Motion Compensation in software DVD is supported only in AGP versions. 


¢ AGP 3D texture is supported only in AGP versions. 


2.4.2 Performance Differences” 


The two tables below shows 3D WinBench98 and Reality Large 3D Textures testing 


results. 
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Table 2-2 WinBench98 Performance Test 


2.5 Software Support 


Table 2-4 Workstation Class / Arcade Level 3D Accelerator 


<— Software Suppon pos “Twingxl Winds TWANT Mac osl oso” 


Accelerated driver support 
AutoCAD / MicroStation Eo 
Video Software Support Ld 
Microsoft DirectDraw ae 
Microsoft ActiveMovie a 
MPEG-1 software playback a 
MPEG-2 software playback F 4 
3D Software Support Lf 
Microsoft Direct38D Yd 
QuickDraw 3D RAVE Lod 
OpenGL? fed 
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Heidi 
ATI 3D CIF* 
1 - Additional 3rd parties (including SCO Unix and UNIXWARE); 


2 - Direct BIOS support; 
3 - Includes NT 3.511CD and NT4.0 MCD; 


4 - ATI’s 3D API for the 3D RAGE family 
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The 3D RAGE LT PRO controller comprises several major subsystems and interfaces as 
shown in the figure below. This chapter describes them briefly from a functional point of 


view. 
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Figure 3-1. 3D RAGE LT PRO Functional Block Diagram 
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3D Graphics Coprocessor 
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The following diagram shows the primary and secondary display paths, the triple-DAC 
interfaces, and the LCD interface. 
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3D Graphics Coprocessor 


The 3D graphics coprocessor offers a number of orthogonal pixel processing features 
associated with the rendering of 3D images. These coprocessor functions were chosen to 


accelerate features of both Microsoft’s D3D and Apple’s QuickDraw 3D RAVE 
interfaces. Drivers will be available for all major operating systems and APIs (see Section 


<> e 


The 3D RAGE LT PRO graphics processor includes a triangle setup engine, which needs 
only color, alpha, Z, U and V information at vertices of triangles to successfully draw 
Gouraud shaded, or perspectively correct texture mapped triangles. The setup engine 
significantly reduces the CPUs load in 3D graphics applications, giving applications more 
CPU time to perform non-setup related tasks. 


ixels to be displayed can be further modified by alpha blending with pixels in the 
estination, by fogging pixels with a fog color, and in the case of texture mapping, by 
ighting them. Depth buffering is achieved by associating a 16-bit Z value with each pixel. 
he Z, Alpha, and fog color for each new pixel is supplied from interpolators within the 
D coprocessor. In case of texture mapping, the Alpha factor may even be stored in the 
exture map on a pixel-by-pixel basis. 
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3.2 


2D Engine 


Pixels in the 3D coprocessor are always operated on as 24-bit entities (8 bits each of Red, 
Green, and Blue). Other pixel sizes, i.e., 8-bit and 16-bit, are dithered by the 3D graphics 
subsystem to output at the desired pixel size. 


The 3D coprocessor contains a powerful texture mapping engine. This engine takes a 
series of precomputed maps (mip maps) and selects texels from these maps in a way that 
allows them to look perspectively correct. Texels can be filtered in a number of ways, and 
then lit (lightened or darkened). Once the texel is formed by filtering and lighting, any of 
the pixel processing modes mentioned previously can be applied to the texel. 


A newly added 4K texture cache greatly reduces the memory bandwidth needed to support 
texture mapping. 


With AGP support, texture maps can be stored in system memory and pulled into the local 
texture cache as needed. This rids the system of the need to add significant amount of 
local frame buffer memory in order to support multiple detailed texture maps, and allows 
applications to support a richer and more realistic environment. 


2D Engine 


This is a fixed-function subunit that runs concurrently to the host processor. It is dedicated 
to draw operations which include rectangle fill, line draw, polygon boundary lines, and 
polygon fill. A sophisticated pixel data path allows monochrome-to-two-color expansion, 
solid color fill, screen-to-screen bitblts, fixed pattern fill, general pattern fill, general 
patterns with rotation, and host-to-screen data transfers. Flexible bitblt trajectories allow 
hyper-efficient off-screen memory management, effectively increasing bitmap and font 
cache sizes and improving performance. 


Other features include GUI engine quick setup which off-loads draw engine setup from 
the host CPU. A 16-function ALU and a four-function source/destination color 
comparator allow source and destination to be combined in a multitude of ways, useful for 
operations such as image overlaying or transparent blits. Bit masking and scissoring can 
protect memory regions from being written. 


All internal draw engine data paths are 64-bit wide. Full drawing features are available in 
8, 15, 16, 24, and 32 bits-per-pixel (bpp) modes. 


All draw engine registers are 32-bit wide. A 128x32 command FIFO improves throughput 
over the expansion bus. An additional 64 entries are dedicated to busmastering 16x64 
source and destination FIFOs improving memory bandwidth throughput. 
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3.4 


BB) 


Video Coprocessor 


The video coprocessor has an optimized data path designed for scaling, filtering, and color 
space conversion. Dual 768-pixel line buffer has been integrated into this block to provide 
superior vertical scaling and interpolation. Graphics and video keying capabilities and a 
window controller allow for overlaying of the graphics and video data streams. This 
enables simultaneous display of 24bpp video and 8/16/24/32bpp graphics. 


Host Bus Interface 


The Host Bus Interface supports both AGP and PCI 2.1 standards. Mobile PCI rev 1.0 and 
Mobile AGP are supported by the 256 BGA and 312 BGA packages respectively. 


Support for AGP includes both sideband and mixed address modes. Texture map data for 
3D objects can be obtained directly from system memory. Similarly the AGP can be used 
to accumulate MPEG-2 playback. 


With PCI 2.1, functions such as bus control, data flow control, address/data signal 
generation, signal timings, and address decoding are supported. Data flow control is 
enhanced by a 6x64-bit write-through FIFO available in both VGA and direct memory 
modes. 


Bus mastering functions between (1) system memory and frame buffer, (2) system 
memory and MPP, and (3) system memory and GUI engine, allow all data transfer 
operations to be off-loaded from the host processor onto the motherboard chip set. 


Memory Controller and Interface 


The memory controller subsystem arbitrates requests from the direct memory interface, 
the VGA graphics controller, the drawing coprocessor, the display controller, the video 
scaler, and the hardware cursor. Requests are serviced in a manner that ensures display 
integrity and maximum CPU/coprocessor drawing performance. 


A dedicated DRAM frame buffer can be 2MB or 4MB in size using Fast Page or EDO 
DRAM. A dedicated synchronous DRAM frame buffer can be 2MB, 4MB, or 8MB in size 
using SDRAM or SGRAM. 
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Table 3-1 Memory Controller 


“Memory Type} = = 2MB= = yee ee 


256Kx16 256Kx16 ae 
{28Kx16x2 128Kx16x2 ae 

SDRAM, 

erry 128Kx32x2 128Kx32x2 ae 

256Kx32x2 256Kx32x2 256Kx32x2 


EDO DRAM 


3.6 Extended VGA Graphics Controller 


The VGA portion of the graphics controller is fully register compatible with the VGA 
standard and is BIOS-compatible with VESA super VGA drivers. 


3.7 CRT Controller (CRTC) 


The CRTC subsystem has additional enhancements such as support for overscan, video 
memory sizes up to 8MB, and screen resolutions up to 1600x1200 non-interlaced. 


3.8 Display Controller #1 (Primary) 
The primary display controller subsystem consists of four subunits as follows: 


¢ Display FIFO #1 to manage the memory interface for displayed pixel data. 
¢ Enhanced attribute controller for VGA. 
¢ The primary display controller. 


This display controller subsystem supports VGA graphics modes up to 1600x1200 
(85Hz), VGA text modes up to 132-column on a PS/2 monitor, and accelerator display 
modes up to 1600x1200 (85Hz). 


3.9 Hardware Cursor/Icon (Primary) 


The hardware cursor/icon logic supports a 64x64x2 and 128x128x2 memory-mapped 
cursor/icon that is also XGA function compatible. The hardware cursor/icon may be used 
in any display mode supported by this controller. Transparent, complement, and two solid 
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colors are available. 


Note: Hardware cursor/icon is only supported on the primary display. 


3.10 Display Controller #2 (Secondary) 


3.11 


3.12 


The secondary display controller subsystem consists of three subunits as follows: 


e Display FIFO #2 to manage the memory interface for displayed pixel data. 
¢ The secondary display controller. 
e 24-bit secondary palette. 


The secondary display controller supports accelerator display modes up to 1600x1200 
with 8, 16, 24 and 32 bpp color depths. It also supports a YUV422 full screen direct YUV 
mode for TV Output. In this mode, the display controller reads YUV422 from video 
memory and unpacks to 24-bit YUV pixels for use directly by the TV encoder. 


Palette DAC 


The internal palette DAC subsystem consists of a triple 256x8 Sa palette and a triple 
8-bit DAC. It supports the following features: 

° Pixel clock rates up to 230MHz for resolutions up to 1600x1200. 

* Refresh rates up to 200Hz. 

¢ Built-in DAC reference generation. 

¢ Monitor detection. 

e Direct 24-bit color. 

° Separate or composite horizontal and vertical Sync signals. 

¢ Optimized slew rate control for the RGB analog output for low EMI emission. 


Note: the Palette DAC is used by the display controller which is actively selected for the 
CRT. 


LCD Engine 


The LCD engine processes the RGB (digital) signals from the palette DAC, then sends the 
output to the LCD panel for display. This block features frame modulation and dithering, 
on both TFT and STN panels, to generate grey levels. A half frame buffer serves as an 
interface to the memory controller, and is used mainly for supporting dual scan STN 
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3.14 


3.15 


Ratiometric Expansion 


panels. Besides digital interface to the panel, LVDS interface is also available with 
built-in transmitter. 


Ratiometric Expansion 


The Ratiometric Expansion logic controls the process that scales up the active display area 
of the current graphics mode by filtering pixels (2-tap filter in the horizontal direction) and 
lines (2-tap filter in the vertical direction). Whenever the resolution of the current graphics 
mode is smaller than that of the LCD panel, this block is used to generate the frame that 
fills the entire LCD panel. Ratiometric expansion uses two algorithms to support the 
graphics and text modes. 


Chip Power Management 


The 3D RAGE LT PRO’s sub-micron CMOS integrated circuit is optimized for low 
power consumption during normal operation. The 3D RAGE LT PRO provides mixed 
3.3V and 5V operation through dedicated power pins for internal (core) logic, host bus, 
memory and display interface. The internal logic always operates at 3.3V to minimize 
power consumption. A flexible clock synthesizer is used to generate independent memory, 
2D/3D and video clocks. | 


The Advanced Chip Power Management logic supports four device power states — On, 
Standby, Suspend and Off — defined for the OnNow Architecture. Each power state can 
be achieved by software control bits, hardware pins or hardware timers. By implementing 
Power Management Capability registers in PCI configuration space, the chip becomes 
directly controllable from the system BIOS. Three dedicated pins (CLKRUN#, 
AGP_BUS Y# and STP_AGP#) give the full controllability of the PCI and AGP bus 
interface to the system chipset. 


Clocks to every major functional block (2D, 3D, video, LCD out, TV out, primary display 
pipe, secondary display pipe) are controlled by a unique dynamic clock switching 
technique which is completely transparent to the software. By turning off the clock to the 
block that is idle or not used at that point, the power consumption is significantly reduced 
during normal operation. If the clock is needed, it can be restored within one clock without 
affecting overall performance of the chip. For more information, please refer to the Power 
Management Application Notes. 


Six-Clock Synthesizer 


The internal clock synthesizer consists of six independent phase locked loops (PLL) 
capable of synthesizing any frequency up to 230MHz. All PLLs have been optimized for 
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low jitter graphics and TV applications. 


e The first PLL generates clocks for the CRTC, display controller, and palette DAC. 
This PLL can be reprogrammed by the BIOS for each display mode. 


¢ The second PLL generates the clock for the drawing coprocessor. 


e The third PLL is used to generate the 66 MHz and 133 MHz internal clock 
synchronous AGP bus operations. 


e The fourth PLL generates the clock for the memory controller. 


¢ The fifth PLL generates the clock for the secondary CRTC display controller and 
palette. 


_e@ The sixth PLL generates the clock for the internal TV encoder. 


3.16 ATI Multimedia Channel (AMC) 


The AMC represents a collection of hardware and software components designed to 
facilitate the use of ATI products for multimedia applications. It consists of a non-chip 
audio bus, and three ports into the graphics controller - the DVS port for video input into 
the graphics controller, the MPP port for video input and output from the graphics 
controller, and the °C port for controlling attached devices. 


The Multimedia Peripheral Port (MPP) Mode supported by AMC allows interface with 
external I/O devices. For example, compressed data can be transferred by means of MPP 
from the host (CPU) to the MPEG-2 decoder for DVD applications. 


The Digital Video Stream (DVS) port accepts industry standard video formats, and allows 
easy attachment of video decoders and hardware MPEG-2 decoders. The DVS port 
provides for decoded video data to stream back to the graphics controller. 


The I°C is an industry standard serial bus that allows control and programming of a wide 
range of peripherals. The 3D RAGE LT PRO incorporates an I°C interface to allow 
programming of peripherals such as video decoders, TV tuners, teletext decoders, and 
volume control. 
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3.17 TV Encoder | 


The TV Output is an integrated and enhanced version of the proven ImpacTV2 high 
quality NTSC/PAL encoder. This includes 24 bits-per-pixel RGB for graphics and direct 
YUV for video data. RGB is converted to YUV and a vertical scaler performs 
programmable Y and UV filtering. Programmable timing generation and modulator 
produces the TV signal with possible composite and S-Video, or RGB outputs using a 
triple 8-bit DAC output. 


Direct YUV modes for TV include scaled or full screen video using the primary display 
without ratiometric expansion and full screen YUV422 video on the secondary display. 
The direct YUV video modes on the primary display include all the YUV modes 
supported by the video scaler. With ratiometric expansion and TV output enabled on the 
primary display, both graphics and video data will be in RGB format when passed to the 
TV encoder. Both primary and secondary display also support TV output using RGB 
graphics only. 
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vr ere reer e every RSC NON NM ONC CCD 


Primary RGB (24-bit) 
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| Figure 3-3. TV Out/Encoder 
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4.1 


The block diagram below depicts the major interfaces required in a typical design based 
on the 3D RAGE LT PRO. These interface blocks are further described in later sections of 
this chapter. Please note that the interface diagrams are generic. You are invited to refer to 
the reference schematics for this chip for the latest information. 


AGP/PCI Bus Interface Frame Buffer 


Video 
SEE: Outp ut 
=) Section 


3D RAGE LT PRO 


ee ecete 
sas aSe! 


SAN MK HN HHH HN HH KN HN HR HM WMH H HOH 
aleteteretsteteteretereratersrsrerecetaterevereretereteteretsvereretsleteeteteveretatetatarerorererstereretatereteretetatetenetarerts 
enatatatstetatatateratonetersceteneteretecstenstercsctarensteteschateneterensteteteteteteteteretencsetorenstetetstaveteteteretetaterste 
ertataretatetetatetarerstenesstanscetetecstereteterstateretstenetatereteterstotersteterstorersterersterersesteresstarenstenerereterees 

weetatetetatetetaetete caters ovorecotereretaveretorarerocsterateretssscacotetetororssatssacercatereeatececarersrarerscaversteravererererscaverstaterers 


OPTIONAL 
ROM/PEROM 


Zoom Video 


or AMC 


Figure 4-1. Controller Interface 


AGP/PCI Bus Interface 


The 3D RAGE LT PRO controller supports the Accelerated Graphics Port (both AGP 
66MHz and 133MHz). Addressing modes include sideband address support. This AGP 
enabled controller can access large texture maps, stored in system memory, directly. 
Applications that make use of large numbers of 3D objects can reduce the amount of 
memory required in the frame buffer. 


Together with PCI Version 2.1, the 3D RAGE LT PRO controller acts as a target device, 
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supporting 32-bit memory and I/O operations and byte lane swapping. With full 32-bit 
address decoding available in PCI, it can map the Direct Memory Interface to 4GB of 
memory space on a 16MB boundary. 


The controller achieves zero wait-state memory read/write burst cycles with burst access. 
It also supports Block I/O decoding and DAC palette snooping. : | 


Bus mastering allows data transfer operations without CPU intervention. In bus master 
mode, the controller will take control of the PCI bus by driving the address and control 
signals. 


By supporting Mobile AGP and Mobile PCI Version 1.0, the 3D RAGE LT PRO | 
controller gives the full Power Management controllability to the system where the 
controller is integrated. 


AGP Bus Configuration is shown in Figure 4-2. 


PCI Bus Configuration is shown in Figure 4-3. 
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4.1.1 AGP Bus Interface 
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Figure 4-2. AGP Bus Configuration 
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4.1.2 PCI Bus Interface 


PCI BUS 3D RAGE LT PRO 
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Figure 4-3. PCI Bus Configuration 
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Memory Interfaces 
4.2 Memory Interfaces 
The memory interface of this controller sippait the following memory devices: 
SDRAM and SGRAM — 128x16x2, 128x32x2, 256x32x2 and 512x32x2. 
DRAM and EDO DRAM — 256x4, 256x8, and 256x16. 


Memory configurations range from 2MB to 8MB (see table below). This interface 
supports only a full 64-bit memory path. 


This interface supports mixing of memory component sizes — 256x4, 256x8, and 256x16 — 
within one design. However it does not support mixing of memory types, e.g., the mixing of 
DRAM and EDO DRAM. 


The table below lists the supported memory configurations, and the number of memory 
parts required: 


4 


Supported memory interface types include “Dual CAS” DRAM, EDO DRAM, SDRAM, 
and SGRAM devices. 


Figure 4-4 shows a 256x16 Dual CAS memory implementation. 


An SDRAM memory implementation example using 128x16x2 SDRAM devices is 
shown in Figure 4-5. 


An SGRAM memory implementation example using 128x32x2 SGRAM devices is 
shown in Figure 4-6. 


An SGRAM example with 256x32x2 is implemented on Figure 4-7 SGRAM example 
using 512x32x2 SGRAM devices is shown in Figure 4-8. 


Figure 4-9 shows an example of SO-DIMM Module Interface implementation. 
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4.2.1 DRAM Interface 


256x16 DRAMs (Dual CAS) 
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Memory Configurations: 
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3D RAGE LT PRO 


Figure 4-4. DRAM Implementation 
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Memory Interfaces 


4.2.2 SDRAM Interface 
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Figure 4-5. SDRAM Implementation 
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4.2.3 SGRAM Interface with 128x32x2 (8 Mbit) SGRAMs 
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3D RAGE LT PRO 
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Figure 4-6. SGRAM Implementation (8 Mbit) 
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4.2.4 SGRAM Interface with 256x32x2 (16 Mbit) SGRAMs 
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Figure 4-7. SGRAM Implementation (16 Mbit) 
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4.2.5 SGRAM Interface with 512x32x2 (32 Mbit) SGRAMs 
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Figure 4-8. SGRAM Implementation (32 Mbit) 
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4.2.6 SO-DIMM Module Interface 
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Figure 4-9. SO-DIMM Module Implementation 


4.2.7 EPROM Interface 


The video BIOS may be stored in either a 32K or a64K EPROM (27256/27512), or 
integrated into the system BIOS. ATI offers a BIOS kit which is used for BIOS 
customization or integration of the video BIOS with the system BIOS (see Figure 4-/0.). 
This kit allows certain BIOS options to be created, for example: 


° 32K or 36K non-paged (linear) BIOS, or 


° 64K BIOS 
e 128K BIOS 
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Memory Interfaces 


Please refer to the mach64 BIOS Kit (BIO-GO1]000) manual for additional information on 
the differences and trade-offs of the various options. 
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Figure 4-10. EPROM Interface 
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General Purpose I/O Control 
4.2.8 Flash Memory Interface 


Up to 128K of flash memory is supported. 
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Figure 4-11. Flash Memory Interface 


4.3, General Purpose I/O Control 


Within the 3D RAGE LT PRO there are 17 general purpose \/O pins and 19 pins for the 
Zoom Video Port. They are used to support the I°C bus control, monitor ID and MPP port, 
ATI Multimedia Channel (AMC) Interface and Zoom Video Port input. 
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ATI Multimedia Channel 2.0 Interface (AMC) 


4.4 ATI Multimedia Channel 2.0 Interface (AMC) 


GPIOO SADO 


GPIO1 SAD1 
GPIO2 . , SAD2 
GPIO3 -— SAD3 
GPIO4 SAD4 
GPIO5 SAD5 
GPIO6 SAD6 
GPIO7 SAD7 
GPIO8 SIOW 
GPIOg SIOR 
GPIO10 SRDY 
GPIO12 SDH 
GPIO13 SDL 
ZVPORT(O] PIXELO 
ZVPORT[1] PIXEL1 
ZVPORT[2] PIXEL2 
ZVPORT(3] + PIXELS 
ZVPORT[4] PIXEL4 
ZVPORT[5] PIXELS 
ZVPORT[6] PIXEL6 
ZVPORT(7] PIXEL7 
ZVPORT[18] , , PCLK 


3D RAGE LT PRO | AMC 


Figure 4-12. ATI Multimedia Channel 2.0 Interface 


The AMC is a 40-pin connector that can be added to a design based on the 3D RAGE I. 
The AMC can operate in various modes under different conditions. AMC pins have 
different functions under different modes. They are as follows: 


4.4.1 DVS Mode 


Digital Video Stream Mode supports a direct connection to a Brooktree Bt829, Bt827, 
Bt819, Bt817, or Bt815, Philips SAA7112 or SAA7111 and Samsung KSO122 or ITT 
VPC32xx video decoder. Figures 4-]3 and 4-14 show the 8-bit and 16-bit interface with 
the 3D RAGE LT PRO chip. 
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ATI Multimedia Channel 2.0 Interface (AMC) 


AMC DVS Mode 


8-bit 

GP1012 SDA 

GP1O13 SCL 
ZVPORT[7] YUV(7] 
ZVPORT[6] YUV[6] 
ZVPORT[5] YUV[5] 
ZVPORT[4] YUV[4] 
ZVPORT[3] YUV[3} 
ZVPORT[2] YUV[2] 
ZVPORT[1] YUV[1] 
ZVPORT(O] YUV[O] 


ZVPORT[18] CLK 


3D RAGE LT PRO AMC DVS 


Figure 4-13. AMC DVS Mode (8 bit) 


AMC DVS Mode , 
16 bit 


GP1O12 SDA 

GPIO13 SCL 
ZVPORT{[7] Y(7] 
ZVPORT[6] Y{6] 
ZVPORT[5] Y[5] 
ZVPORT[4] Y(4] 
ZVPORT(3] Y[3] 
ZVPORT[2] Y[2] 
ZVPORT(1] Y(1] 
ZVPORT(0] Y[0] 


ZVPORT([18] CLK 
ZVPORT[15:8] UV[7:0] 
ZVPORT[16] HREF 


ZVPORT[17] VSYNG 


3D RAGE LT PRO AMC DVS 


Figure 4-14. AMC DVS Mode (16 bit) 
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Zoom Video (ZV) Port Interface 


4.4.2 MPP Mode 


4.5 


Multimedia Peripheral Port Mode can stream data from the host memory out of this port. 
Timing and protocol can be programmed to support peripheral chips. By connecting this 
port to an external NTSC/PAL encoder, the display screen can be modulated to an 
NTSC/PAL TV signal. Figure 4-5 shows the interface between external ImpacTV 
encoder and 3D RAGE LT PRO chip. 


AMC MPP Mode 


3D RAGE LT PRO ImpacTV 


Figure 4-15. AMC MPP Mode 


Zoom Video (ZV) Port Interface 


Zoom Video Port (ZV-Port) is also supported with the 3D RAGE LT PRO. Itisa 
single-source uni-directional video bus between a PC Card socket and a VGA controller. 
The ZV Port allows video decoders to deliver real-time digital video straight into the VGA 
frame buffer from a PC Card. 


The two following figures show the interface between the 3D RAGE LT PRO and a ZV 
Port device, and how the ZV Port Bus can be used with multiple devices. 
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Zoom Video (ZV) Port Interface 


ZV Port 


ZVPORT(7:0} Y[7:0] 


ZVPORT[15:8] UV[15:8] 
ZVPORT(16] 
ZVPORT(17] 
ZVPORT[18] 


HREF 
VSYNC 
PCLK 


3D RAGE LT PRO ZV Port 


Figure 4-16. Zoom Video Port 


For pin descriptions and timing information, please refer to section 7.4. 


GPIOxx 


ZV Port Bus 


3D RAGE LT PRO 


Figure 4-17. Zoom Video Example of Multiple Devices 


For more information about ZV Port, please refer to the PCMCIA Standard Document. 
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LCD Panel Interface 
4.6 LCD Panel Interface 


The 3D RAGE LT PRO controller has built-in interface to wide range of LCD panels 
including TFT and STN panels with different color depth and pixel packing format. 
Besides digital interface, the LVDS transmitter is implemented to reduce EMI and narrow 
the interface to the panel. 


LCD Panel Interface 


LCDDO[35:0] DATA 


LCDTMG{3] FP (VSYNC) 
LCDTMG(2] | LP (HSYNC) 
LCDTMG[1] CLK 
LCDTMG(0] DE 

3D RAGE LT PRO LCD Panel 


Figure 4-18. LCD Panel Interface 


4.6.1 TFT Panel Digital Interface 


__RGB Data (up 


to 36 bits with 312 BGA data 


DE 


LCDDO[35:0] 
LCDTMG[0] 


LCDTMG[1] SCLK 
LCDTMG[2] LP (HSYNC) 
LCDTMG[3] FP (VSYNC) 

Power 
TFT Panel 

DIGON Enable VDD 
BIASON 
BLON Enable Backlight 


Power Module 


3D RAGE LT PRO 
_ Figure 4-19. TFT Panel (Single/Double Pixel/Clk) Digital Interface 
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LCD Panel Interface 


4.6.2 DSTN Panel Digital Interface 


RGB Data 


LCDDO[23:0] data 


LCDTMG[0} 
LCDTMG[1]} CL2 (SCLK) 
LODTMG[2] CL1 (HSYNC) 
LCDTMG[3] FP (VSYNC) 
Power 
DSTN Panel 
DIGON Enable VDD 
BIASON Enable Vcon 
BLON Enable Backlight 


Power Module 
3D RAGE LT PRO bia 


Figure 4-20. DSTN Panel Digital Interface 


Note: For data mapping, refer to Chapter 6, Pin Descriptions 
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LCD Panel Interface 


4.6.3 TET Panel or DSTN LVDS Interface 


~ LCDDO[O] 
LCDDO[1] 
LCDDO2] 
LCDDO|3] 
LCDDO/4] 


LCDDO[5] 


TXOUTO+ | 
TXOUTI- 
TXOUT1+ 
TXOUT2- 
TXOUT2+ 


LVDS data 


TXOUTS3- (for 24-bit TET panel 
TXOUT 3+ (for 24-bit TET panel 


LCDDO{S8] 
LCDDO[9] 


} Lvps data 


TXCLKOUT- 
TXCLKOUT+ 


LCDDO[6] 
LCDDO[7] 


} LVDS Clock 


Power 


LVDS TFT or DSTN Panel 


DIGON Enable VDD 
BIASON 


BLON 


Enable Vcon 
Enable Backlight 


DSTN only 


3D RAGE LT PRO 


Power Module 


Figure 4-21. TFT Panel (Single Pixel/Clk) or DSTN LVDS Interface 


Note: For LVDS data mapping, refer to Chapter 6, Pin Description 
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LCD Panel Interface 


4.6.4 TET Panel LVDS Interface 


TXOUTUO- 


TXOUTUO+ 


LCDDO[0} 


LCDDO(1] 
nee 
ae eae 
a eoe odd purels 
reopens 
Lcppojg} | - - - - - - - UE Se 
(CDOOI9) beet AC oe ie we 
Loppoye} TXCLKOUTU- | 
seeban ec 
hoa 
fone 
ot) (eae), |: eee 
oiesaied im LVDS data 
LCDDO[14] TXOUTL2- even pixels 
LCDDO[15} TXOUTL2+ 
LCDDO[18] 
LCDDO[19] 
LCDDO[17} oe even pixels 
Power 
sie eee, LVDS TFT Panel 
BIASON 
BLON Enable Backlight 


Power Module 


3D RAGE LT PRO 


Note: For LVDS data mapping, refer to Chapter 6, Pin Descriptions. 


Figure 4-22. TFT Panel (Double Pixel/Clk) LVDS Interface 


© 1997 ATI Technologies Inc. 3D RAGE LT PRO Controller Specifications 
Proprietary and Contidential 4-21 


Analog Output Section 


4.7 Analog Output Section 


Each of the R, G, B lines on the board (see Figure 4-23) is to be loaded with a 75Q 
resistor. Diodes can be used to protect the controller from any large transient voltages 
which may enter from the connector when the monitor is connected. 


Bypass capacitors can also be placed on all lines in order to filter the output. The RGB 
lines may also have inductors (ferrites) placed in series. This may be required in order to 
comply with FCC Class B requirements for radio frequency emissions. The proper value 
is determined as a trade-off between filtering the signals for FCC requirements and video 
signal clarity. 


Filter and 
Protection G 


5] [| diodes’ 


Monitor Connector 


Figure 4-23. Analog Output 
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7V-Outout Interface 
4.8 TV-Output Interface 


The following implementation is recommended for Y, C, COMP and SYNC (for SCART) 
TV outputs, as well as R2SET, A2VSS, and A2VDD (for TV-Out DAC). Please refer to 
Chapter 6, Pin Descriptions for detailed pin descriptions. 


R1 L1 
R2SET pari ee 
i A2VDD 
LD 
Y/Red = To TV C/Green To TV 
R2 C3 C3 R2 C3 C3 


. Comp/Blue To TV Comp Sync 
P (for SCART) | Wr | : EN 
R2 C3 C3 


Figure 4-24. TV-Output Interface 


Table 4-1 TV-Output Interface Component List 


1 ane Res. 0.1W 5% SM 1 EIA(0805) T T&R 422 R C %) 

2 | 3 | R2_ | Res. 0.1W 5% SM EIA(0805) T&R 75 R (5% or 1%) 
3 | 1 | R6  |Res. 0.1W 5% SM EIA(0805) T&R 330 R 

4 ; ee ee Cap. Ceramic SM 10% EIA(0805) 82pf 

5 Cap. Ceramic SM 10% EIA(0805) 470pf 

6 
7 


Ferrite Bead SM EIA(1806) T&R MURATA ERIE BLM41A04PT 


Inductor 1.8 UH 


© 1997 ATI Technologies Inc. 3D RAGE LT PRO Controller Specifications 
Proprietary and Confidential 4-23 


TV-Output Interface 
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5.1 Strap Resistors Summary 
External strap resistors may be used to configure various aspects of the 3D RAGE LT PRO 
graphics subsystem. Logic levels at the strap pins are sensed and latched into registers at 
the first PCI command. The 3D RAGE LT PRO contains internal pull-down resistors on 
strap pins to provide a default strap value of logic zero. By pulling the strap pin high via 
an external pull-up resistor, the strap value can be forced to logic one. In some cases, the 
registers which hold the strapped values are writable by video BIOS. The table below 
summarizes the strap pins on the controller. It is followed by a section which provides a 
detailed explanation of each strapping option. 
Table 5-1 3D RAGE LT PRO Strap Resistors 
MD63 aye 7 O = normal operation (default) 
1 = reserved 
0 = connect IDSEL to AD16 (default) 
nee ee ‘—s 1 = connect IDSEL to AD17 
0 = No ROM Remap (default) 
MD61 ROM_REMAP 1 = If VGA disabled, accelerator ROM 
mapped to first 8K 
MD60 ucianied 0 = normal operation (default) 
1 = reserved 
MD59 ENINT# O= interrupt enable (default) 
1 = interrupt disable 
0 = VGA enable (default) 
Determines PCI signalling level (only 
when PCI bus is selected) 
MD57 PCI5VEN _ No 0 = PCI3.3V 
1 = PCI 5V 
MD56 neceeaa 0 = normal operation (default) 
1 = reserved 
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Strap Resistors Summary 


Table 5-1 3D RAGE LT PRO Strap Resistors ahaa 


MD55 TESTEN 


0 = normal operation (default) 
1 = test mode enabled 


| 0 = normal operation (default) 
moos ID_DISABLE i 1 = IDSEL not connected 


0 = disable prefetch (default) 
1 = enable prefetch 


MD53 PREFETCH_EN 
0 = normal operation (default) 


_MD52 reserved n/a jaenenried 


D(51:47) | PANEL_ID (4:0) [No | To be determined by the BIOS 


AGP clock phase adjustment with 
respect to X2 

(000) = 0.0 nsec (default) 

(001) = 0.5 nsec 
(010) = 1.0 nsec 
(011) = 1.5 nsec 
(100) = 2.0 nsec 
( 
( 
( 


MD(46:44) | X1CLK_SKEW (2:0) No 


101) = 2.5 nsec 
110) = 3.0 nsec 
111) = 3.5 nsec 


AGP X1 clock feedback phase 
adjustment with respect to refclk 
(cpuclk) 

(000) = refclk 1 tap earlier than X1 
(feedback). Default 

(001) = refclk 2 taps earlier than X1 
(feedback) 

(010) = refclk 3 taps earlier than X1 
(feedback) 

(011) = agp pll testmode, X2 is used as 
feedback 

(100) = feedback (X1) 3 taps earlier 
than refclk 

(101) = feedback (X1) 2 taps earlier 
than refclk 

(110) = feedback (X1) 1 tap earlier than 
refclk 

(111) = feedbacl (X1) and refclk are 
aligned 

each tap is worth 0.5 nsec roughly 


| | 7 0 = AGP with 312-BGA, PCI with 
MD40 BUS_ TYPE No 256-BGA 
1 = PCI with 312-BGA 
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MD(43:41) | AGPSKEW (2:0) No 


35.2 


Strap Resistor Description 


Table 5-1 3D RAGE LT PRO Strap Resistors (Continued) 


Tvco filter gain control 
(00) = (10) to VCO gain (default), no 
Strap installed 

(01) = (11) to VCO gain 

(10) = (00) to VCO gain 

(11) = (01) to VCO gain 


O = disable write to flash ROM 
MD(37)_ | FLASHROM_WR_EN — 1 = enable write to flash ROM 


AGP_VCO_GAIN(1:0) 


OSS 


MD(32:29) | DIMM_TYPE(3:0) 


Dea 


MD(23:8) |SUBSYS_VEN_ID(15:0) 


MD(7:0) |SUBSYS_DEV_ID(7:0) 


Note: Strap resistors do not need to be inetalied on XICLKSKEW and AGPSKEW 
(MD(46:44) and MD(43:41) respectively). 


SO-DIMM type; see SO-DIMM 
specification 


(xxxxh) = PCI subsystem vendor ID 


(xxh) = LSB of PCI subsystem ID 
register 


Strap Resistor Description 


0 = connect IDSEL to AD16 (default) 


es OSE Lo 1 = connect IDSEL to AD17 


This strap has only significance for AGP devices since IDSEL is not a signal in the AGP 
interface. In an AGP implementation, the initialization device select signaling is provided 
on AD 16 as per the AGP specification. The IDSEL strap allows the alternate AD17 signal 
to be selected. This alternate IDSEL provides a method of initializing a second graphic 
controller on the AGP bus in some future application. This strap is not used for the PCI 
variant of 3D RAGE LT PRO since a dedicated IDSEL signal is provided in the PCI bus 
interface. 


0 = No ROM Remap (default) 
MD61 ROM _REMAP No 1 = If VGA disabled, remap top 8K to 
bottom 


If VGA is disabled, this strap permits the remapping of the top 8K of the ROM to the 
bottom. This strap is only applicable to add-in cards which use a separate video BIOS 
ROM. 
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Strap Resistor Description 


0 = interrupt enable (default) 


MD59 ENINT# ne 1 = interrupt disable 


The interrupt strap permits enabling or disabling of interrupts. The 3D RAGE LT PRO has 
the capability of generating an interrupt request via the INTA# signal. Strapping MD59 to 
logic zero places the value Olh in the read-only Interrupt Pin register and enables 
interrupts. Strapping MDS9 to logic one places the value OOh in the interrupt Pin register 
and disables interrupts. However, disabling the request for an interrupt resource does not 
prevent the graphics controller form asserting the INTA# signal if it is programmed to do 
SO. 


0 = VGA enable (default) 


MD58 VGA_DISABLE No 1 = VGA disable 


The VGA disable strap provides a method of disabling the VGA portion of the graphics 
controller. This feature has possible application in systems containing more than one 
graphics controller. | 


0 = PCI 3.3V (default) 


MD57 PCI5VEN me 1 =PCI5V 


This strap signal determines the PCI signaling level of the PCI I/O buffers. If this strap is 
installed, the I/Os are programmed for 5V PCI signaling. 


0 = normal operation (default) 


MD55 TESTEN No 1 = test mode enabled 


This strap is used to place the 3D RAGE LT PRO into test mode. Since test mode is only 
applicable for out-of-circuit testing, the provision for an external strap resistor is not 
required. 


0 = disable prefetch (default) 


MD53 PREFETCH_EN ne 1 = enable prefetch 


This strap permits the setting of bit 3 in the memory base address register to mark the 
range as prefetchable (see the description in the PCI specification in Chapter 6). A device 
can mark a range as prefetchable if there are no side effects on speculative reads, the 
device returns all bytes on reads regardless of the byte enables, and a host bridge can 
merge processor writes into this range without causing errors. The 3D RAGE LT PRO 
complies with these requirements. 
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Strap Resistor Description 


MD(51:47) PANEL_ID No To be determined by the BIOS 


The Panel ID straps are used to identify the panel type that is attached to the graphics 
controller. It is mainly used by the universal BIOS to determine the configuration 
sequence for attached panel. 


0 = normal bus type (default) 


MD40 BUS_TYPE No 1 = alternated bus type 


This strapping has meaning for all 3D RAGE LT PRO product variants. For devices in a 
312 BGA package, the normal bus type is AGP and the alternate bus type is PCI. For 
devices in a 256 BGA package, the only bus type available is PCI. 


VCO filter gain control 

(00) = (10) to VCO gain (default), no strap 
installed 

(01) = (11) to VCO gain 

(10) = (00) to VCO gain 


(11) = (01) to VCO gain 


MD(389:38) AGP_VCO_GAIN No | 


These strap pins define the gain of the voltage controlled oscillator (VCO) in the PLL 
subsystem which generates the internal X1 and X2 AGP clock signals. The gain in the 
VCO circuit does not necessarily increases with increasing binary values of the strap 
setting. The default gain strapping of (OOb) is the target implementation (1.e., no external 
resistors). However, the foot print for strap resistor on MD39 and MD38 should be 
provided on all new 3D RAGE LT PRO designs in order to permit future adjustment of the 
gain control, if required. 


0 = disable write to Flash ROM (default) 


MD37 FLASHROM_WR_EN NO 1 = enable write to Flash ROM 


This strap pin is used to enable writing to a Flash ROM. 


MD(36:32) reserved - not used n/a (xxxxxxb) = don’t care 


These strap pins are not used. They are reserved for possible future use. 
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Strap Resistor Description 


(xxxb) = determined by SO-DIMM; see 


ed No S0-DIMM specification 


These three bits are mandatory straps on all SO-DIMM modules and indicate the 
synchronous clock frequency or cycle time of the SO-DIMM. See the SO-DIMM 
specification for the definition of the strap resistors. 


MD(28:24) reserved - not used n/a (xxxxxb) = don’t care 


These five strap pins are not used. They are reserved for possible future use. 


MD(23:8) SUBSYS_VEN_1ID(15:0) Yes (xxxxh) = PCI subsystem vendor ID 


The subsystem vendor ID is a 16-bit register in PCI configuration space and used to 
uniquely identify subsystems manufactured by different vendors but with the same PCI or 
AGP device. The subsystem vendor ID for individual vendors is obtained from the PCI 
SIG. 


The 3D RAGE LT PRO supports two methods for loading the subsystem vendor ID 
register. The first involves writing the register with a customizable value stored in the 
video BIOS. This is the preferred approach and the one which is generally used. The 
second method involves strapping the MD(28:8) signals to set the desired subsystem 
vendor ID register value. 


MD(7:0) SUBSYS_DEV_ID(7:0) Yes (xxh) = LSB of PCI subsystem ID register 


The subsystem ID is a 16-bit register in PCI configuration space and is used to identify a 
vendor’s implementation of a particular subsystem. The subsystem ID is supplied by the 
vendor. The 3D RAGE LT PRO supports two methods for loading the register. The first 
involves writing the register with a customizable value stored in the video BIOS. This is 
the preferred approach and the one that is generally used. The second method involves 
strapping the MD(7:0) signals for the desired register value. The strapped values on 
MD(7:0) are mapped to the lower byte of the subsystem ID register. 
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Strap Resistor Description 


PCIS3EN BUS CLK SELECT No O = normal bus clock (default) 
1 = alternate bus clock 
This is not a strap but a special pin on the 312 BGA package used for selecting the bus 
clock. For AGP versions of 3D RAGE LT PRO, selecting normal bus clock sets the 
internal clock to the PLL. Selecting alternate bus clock, sets the internal clock to the 
external bus clock. 


For PCI versions of 3D RAGE LT PRO, selecting normal sets the internal clock to the PCI 
bus clock. Selecting alternate sets the internal clock to the PLL generated clock. The 
normal setting is the default for both AGP and PCI components. Since the alternate bus 
clock strapping may be useful during system checkout, initial 3D RAGE LT PRO designs 
must provide the footprint for this pin on the 312 BGA package. 
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Strap Resistor Description 
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6.1 


Table Conventions 


Controller pins have different operational characteristics. The assigned codes for each of 
these pin types are listed below. For electrical characteristics please refer to Chapter 7 
“fiming Specifications ”. 


Table 6-1 Conventions 


1 | Input pin 


O Output pin 

/O Bi-Directional pin 
M Multifunction pin 
Pwr Power pin 

Gnd Ground pin 

A Analog pins 


Pin numbers and signal names are sorted by interface and by pin number on the following 
pages. 


All active-low signal names are identified by the succeeding # character throughout this 
document, e.g. BLANK#. 


6.2 Host Bus Interface 
Table 6-2 AGP/PCI Bus Interface 
RESET# =| |__| Active Low PCI Reset 
CPUCLK | 1 {Bus Clock 
AD[31:0] I/O Multiplexed — System Address or Data bits [31:0] 
C/BE#[3:0] VO Multiplexed — Bus Command or Byte Enable bits 3:0. (BE# is 
| active low) 
Initialization Device Select - Used as a Chip Select during 
IDSEL configuration read and write transactions. 
Used as PIPE# in AGP Bus (always “High’). 
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Host Bus Interface 


Table 6-2 AGP/PCI Bus Interface (Continued) 


AGP_BUSY# 
PCI33EN 


Power Management signal for AGP bus 
PCI 33MHz enable 


STP_AGP# | | ___|Power Management signal for AGP bus 


‘SignalName| Pin Typ le 
FRAME# 0 Frame is driven by the current bus master to indicate the 
beginning and duration of an access 
IRDY# V0 Initiator Ready — Indicates the bus master is able to complete 
the current data phase of the transaction 
Target Ready — Indicates the target agent is able to complete 
TRDY# /O | 
the current data phase of the transaction 
Device Select — When driven active “Low’, it is indication that 
ees the controller has decoded its address. Not used by AGP. 
STOP# Te Stop — Indicates the current target is requesting the master to 
stop the current transaction. Not used by AGP 
PAR fe Parity — Even parity used (expand on parity detection) 
INTR# a Interrupt Request — Level triggered. Active “Low” by default 
CLKRUN# Power Management signal for PCI bus 
REQ#H VO Request signal to arbiter — Indicates to the chip set that there 
| is request for bus master cycle 
Grant signal from arbiter — Indicates to the agent that a bus 
GNT# 
access has been granted 
ST (2:0) Status bus for AGP support 
SBA(7:0) Lt Sideband Address port for AGP support 
RBF# a a Read buffer full signal for AGP support 
ADST#(1:0) I/O Address Strobe for AGP-133 support 
SBST# /O Sideband Strobe for AGP-133 support 


The AGP-66 and AGP-133 interfaces are supported only with 312-pin BGA package. 


Table 6-3 Host Bus Interface 


ADO) ADS 
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Memory Interface 


Table 6-3 Host Bus Interface 


CaEW 
(2) 
) 


CBE#(3) 

CBE#(2) CBE#(2 CBE#(2) 
CEM cBEMCT 
CBEW(O CBEWO 


ST) (3 
ST) Sic ST 
S70) [st ——__ sro 
SBA(7O sear sar 
ADST#(1:0) Po FAD ST H#(1:0) 
AGP_BUSY# AGP_BUSY# 


Total 


STP_AGP# el STP_AGP# STP_AGP# 


: 


6.3. Memory Interface 
Table 6-4 Memory Interface 

MD[31:0] Memory Data Bus 

MD/[48:32] 1/O Memory Data Bus / EPROM Address line A(16:0) 

MD[55:49] V/O Memory Data Bus 

MD[63:56] Memory Data Bus / EPROM Data line D(7:0) 

MA[9:0] | © | Memory Address Bus 

RAS# ae Row Address Select 

CAS# Column Address Select 
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Memory Interface 


Table 6-4 Memory Interface (Continued) 


This multifunction pin has the following functions: 
WE#[7:0] VO - Write Enable for DRAM 
| - DQM for SDRAM 


This multifunction pin has the following functions: 
- Output Enable, OE#1, for DRAM 
- Write Enable, WE#, for SDRAM 


pe This multifunction pin has the following functions: 


OE#1 


OE#0 - Output Enable, OE#0, for DRAM 


- MCK for SDRAM 


CKE tee Clock enable for SDRAM/SGRAM 
CS[3:0] Chip Select for SDRAM, 3 down to 0 
ROMCS# 1/0 Chip Select for ROM (video BIOS) 


DSF /O DSF for SDRAM 


Table 6-5 Memory Bus Pins Multiplexing 


MD D 
MA(9:0) MA(9:0) MA(9:0) MA(9:0) MA(9:0) 


OTe) O60) — 
(9: — MA(9: MAY: | 
c510) = 
est <= 
WENO SoM 
OEM wes wes 
SEH CK 
o@ | 
oe 


Notes: The 32-bit memory interface is not supported for any memory type. 
UMA memory configuration is no longer supported. - 
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BIOS (EPROM) Interface 


Table 6-6 Possible Memory Configurations 


6.5 


“‘MD(47:32) {A(15:0) | A(TS:0) ~A(15:0) [a(ts:0) | A(15:0) 
HOC At A 


MD(50) / _ WE# WE# 


Ia OE OE 


ROMCS# CS# CS# CS# CS# 


DAC and Monitor Interface 


Table 6-8 DAC1 (CRT) Monitor Interface 


eR ERS ny OL” CORE RRRISCIEDS CSR UCARSRSP STONE" a a SG cie aneertatin eT ig 


R AO wor 7 Red for Monitor | 


G A-O Green for Monitor . 
B A-O Blue for Monitor 


RSET Internal Reference 


Horizontal Sync output 


VSYNC a ae Vertical Sync output 
AVDD DAC1 VDD 


AVSS A-O DAC1 VSS 


AVSS A-O DAC1 VSS 
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TV-Out Interface 


6.6 TV-Out Interface 


Table 6-9 TV-Out (DAC2) Interface 


y A-O DAC Output: outputs either Y (Luminance) for S-Video, or Red 
for RGB Video (SCART) 

C A-O DAC Output: outputs either C (Colour/Chrominance) for 
S-Video, or Green for RGB Video 

COMP A-O DAC Output: outputs either Composite Video, or Blue for RGB 
Video 
Composite Sync for SCART PAL TV’s that use the EURO AV 
Connector. It is fed to the “Video In” pin of this connector to 
provide a signal that the TV can overlay the RGB data onto. 

SYNC a ; 
This pin may also be used as a general I/O pin for controlling 
video switch, or for the other Internal timing signals including 
Hsync, Vsync, etc. 

A2VDD TV-Out DAC Analog Power, 3.3V | 

A2VSS TV-Out DAC Analog Ground 

R2SET Current Setting resistor for TV-Out DAC is connected to this pin 


6.7 Internal PLL (External Crystal Interface) 


Table 6-10 External Crystal Interface 


PLL Reference Clock 
crystal) 


XTALOUT PLL Reference Clock 


PVDD Phase Lock Loop Power 


PVSS Phase Lock Loop Ground 
PAVDD AGP Phase Lock Loop Power 


PAVSS AGP Phase Lock Loop Ground 


-* recommended — 29.498928713 MHz crystal oscillator with 50ppm accuracy (required for TV 
support) | 


or MXCLK source (for oscillator* or 
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Flat Panel Interface 


6.8 Flat Panel Interface 


Table 6-11 Flat Panel 


LCD Data Output Pins, 24 pins available in 272 BGA 
EERE Oe) —S LVDS Support - 20 pins 


LCDTMG(3:0) LCD Timing Signals 
LTGIO(2:0) 1/0 Genneral purpose I/Os 


6.8.1 TFT Panel Mapping 


Table 6-12 TFT Panel Pins Multiplexing 


ee ee eben boi bee 


LCDDO 
LCDDO(1 


0 


- TxOUTUO UR(0) UR(0) 
TxOUTU0+ | UR(1) UR(1) 


= 
© 
E 
0 


(0) 

| (1) 

LCDDO(2 UR(2) ) R(2) R(2) 
LoDD0%s ORG) R@)_| AO 
(000 AC 
LCDDO(S LR(1) R()_ | RG) 
LoDDoK |_| Fe) 
LeDDo(7 cr) any 
LoDbOK 0 0 
(1) 


( 

( 

( 

( 

( 

( 

( 

( 

( 2) 
LCDDO(9) 
LEDDO(10) UG(2) 

( LGQ) 

( 

( 

( 

( 

( 

( 

( 

( 

( 


Q| @ 2|z 
S\c S\s 
= 
© 
@) 


LCDDO(11) TxOUTLO+ | LG(2) UG(3) 
LCDDO(12) TxOUTL1 UB(0) LG(0) 


) 2 
) 
) = 
) 
a 
) 
) 
) 
) 
. ( 
( 
; ( ( 
Ei 6) [66 
( (6) 
( 


pa 
OS 


LCDDO 
-CDBO(T4 ee | cm |_| a6 
reDDo(5 aa | oe | | a0 
ceppo(re) | TectKouT. | vac) | use |_| 8 | 800 
LCDDO(17) LB(2) UB(1) | |B) B(1) 
reopo(re) | ous | «| -ve@ | 8m | 8@ | ac 
LCDDO(19) | TxOUTL3+ | = | UB(3) B(1) B(3) B(3) 
:C000(20) 30) | 80 5) 
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Flat Panel Interface 


Table 6-12 TFT Panel Pins Multiplexing (Continued) 


LCDDO 


al O(a sa | 86) | 6 
recone) | rao [tree | w8@ | sa | | 80 
coopers) | iraIo%@) | Taio) | 8 | Be | | 9m 
SS A 
So 
SS 
reopo@y | ——SC«dT Sid SCT 
SS A 
Se 
coop | ——SSC=~sSCSC“‘“dRSSCSCSCdC 
ccopos)| Sid SSSCidY Cd 
SC A 
ned TIO. 
LCDDO(34) LTGIO(1) | LTGIO(1) | LTGIO(1) 
LCDDO(35) LTGIO(2) LTGIO(2) 


6.8.2 STN Panel Mapping 


Table 6-13 STN Panel Pins Multiplexing 


A 


' LDO x1 UDO 
re00001 007 
(0008) "002 
C0008 00% 
‘Teonoa 04 
LoDbo«5 008 
reopo(@_| oan) | cos | + ~—ube | ube 
LCDDO(7) UDs/G(n+1) | UD3 | | UD? ~~ +} —UD7 
LCDDO(8) LDO/Bz.1 LDO 
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Flat Panel Interface 


Table 6-13 STN Panel Pins Multiplexing (Continued) 


LCDDO(25) | 
Lcppo(2e) | 
LCDDO(27) | 
LCDDo(28) | 
Lcppo(29) | si 
LcpDo(30) | st 
LCDDO(31) | si 
LCDDO(32) | sis 
LCDDO(33 
LCDDO(34 LTGIO(1) 
LCDDO(35 LTGIO(2) 
Note: n=number of pixels in a row; 


X = row number; 
Z =X + (panel height 2) 


© 1997 ATI Technologies Inc. 
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LTGIO(O LTGIO(O 


ae 1) rt 1) LTGIO(1 LTGIO(1 
LTGIO(2) LTGIO(2) LTGIO(2 LTGIO(2 
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Flat Panel Interface 


Table 6-14 LCD Control Pins 


LCDTMGI(3)_ VSYNC | ~ VSYNC/FLM/EP 
LCDTMG(2) HSYNC HSYNC/CL1/LP 
LCDTMG(1) DCLK DCLK/CL2 


LCDTMG(0) DTMG VCLK for external LDVS or Panellink transmitter _ 
Note: In 272 BGA package, digital interface is limited to 24 bits, single pixel per 
clock. 


There are additional 3 LTGIO pins - LTGIO(2:0) - that can be used as general purpose I/O 
pins in any configuration. In case of configuration where LCDDO(23:20) are not used, 
those pins could be used as the general purpose I/O pins. 


Table 6-15 Additional LTGIO Pins 


LTGIO(2: 0) General purpose 1/O pins 
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LVDS Data Arrangement 


6.9 LVDS Data Arrangement 


This section details the data output from the LVDS receiver when connected to the 
3D RAGE LT PRO for single and double pixel TFT and DSTN panels, using Pack 8x2 and 
Pack 16x2 format. They are the data between LVDS RX1, RX2 and the LCD. 


LVDS First 
Channel 


LCD Panel 


3D RAGE LT PRO 


LVDS Second 
Channel 


LVDS First Channel includes LT output pins LCDDOO to LCDDO9 
LVDS Second Channel includes LT output pins LCDDO10 to LCDDO19 


Figure 6-1. 3D RAGE LT PRO LVDS Interface 


6.9.1 LVDS Data/Clock Mapping : 


The diagram below shows the timing relation between the graphic data and the transmitted 
clock at the output of LCD CONTROLLER. TxClkOut +/- indicates the LVDS clock, 
while TxOut0 to TxOut3 indicate the data channels. 
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LVDS Data Arrangement 


TXCLKOUT 
TXOUTS+/- 
TXOUT2+/- 


TXOUT1+/- 


TXOUTO+/- 


Table 


Pixel Clock Cycle, T 


Data and clock transitions with labels indicate they belong to the same pixel. Those without 
lables belong to either the previous or the next pixel. 


Figure 6-2. LVDS Data/Clock Mapping 


6-16 Signal Definition 


6-12 


TxCLK In LVDS Transmitter Input clock 
TXOUT +4/- LVDS positive and negative differential Transmitter Outputs (analogue) 
TxCLK Out +/- LVDS positive and negative differential Transmitter Output clock 
RxIN +/- | LVDS positive and negative differential Receiver Inputs (analogue) Oe 
RxCLK In +/- LVDS positive and negative differential Receiver Input clock 
RxOUT LVDS Receiver Output (digital) | 
RxCLK Out LVDS Receiver Output clock 
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LVDS Data Arrangement 


Table 6-17 LVDS Pins Multiplexing 


LCDDOO first 
LCDDO1 first 
LCDDO2 first 
LCDDO3 first 
LCDDO4 first 
LCDDOS5 first 
LCDDO6 first 
LCDDO7 first 
LCDDO8 first 
LCDDO9 first 
LCDDO10 second 
LCDDO11 second 
LCDDO12 second 
LCDDO13 second 
LCDDO14 second 
LCDDO15 | second 
LCDDO16.. second 
LCDDO17 second 
LCDDO18 second 
LCDDO19 second 
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LVDS Data Arrangement 


6.9.2 TET Interface 


Table 6-18 18-bit TFT Using Single Pixel per Clock 


Note: 


RxOUT1 
RxOUT2 
RxOUT3 
RxOUT4 
RxOQUT5 
RxOUT6 
RxOUT7 
RxOUT8 
RxOUT9 
RxOUT10 


= 
50 
z 
z 
z 
z 


Output is from RX1 (e.g N.S. DS90C562, TI SN7S5LVDS86) 


Table 6-19 18-bit TFT siti Double Pixel per Clock 


RxOUTO 
RxOUT1 
RxOUT2 
RxOUT3 
RxOUT4 
RxOUT5 
RxOUT6 
RxOUT7 
RxOUT8 
RxOUT9 
RxOUT10 
RxOUT 11 
RxOUT12 
RxOUT13 
RxOUT14 
RxOUT15 
RxOUT16 
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LVDS Data Arrangement 


Table 6-19 18-bit TFT Using Double Pixel per Pear (Continued) 


RxCLK OUT PCLK PCLK 


Notes: 
1) Output is from RX1 and RX2 (e.g N.S. DS90C562, TI SN75LVDS86). RX1 
sends out the odd pixel while RX2 sends out the even pixel. In this case, odd 
pixel refers to the first pixel of the double pixel pair. 


2) RxOUT 18/19/20 are LVDS_RESERVED_BIT [1]/[2]/[3] respectively. These 
bits are reserved to be programmed by the user. 


Table 6-20 24 bit TFT Using Single Pixel per Clock 


RxOUTO 
RxOUT 1 
RxOUT2 
RxOUT3 
RxOUT4 
RxOUT5 


x1 Sue Si 
RTT ReOUTIS, BO 
a a ee BG 
pS ROUTIZ B7 
PRA ROUTIB Bi 
ee | OUTI B2 
rxouTe | RS | RXOUTZO BS 
a ee 
_ St 
pee 
a ae 
a 
a 
a 


RxOUT7 

RxOUT8 

RxOUT9 
RxOUT10 
RxOUT11 
RxOUT12 
RxOUT13 


54 
z 
Nc 
Z 


Note: Output is from RX1 (e.g N.S. DS90C562, TI SN75LVDS86) 
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LVDS Data Arrangement 
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Table 6-21 24- bit TFT Using Double Pixel per Clock 


RxOUTO 
RxOUT1 
RxOUT2 
RxOUT3 
RxOUT4 


RxOUT5 © 


RxOUT6 
RxOUT7 
RxOUT8 
RxOQUTS 
RxOUT10 
RxOUT11 
RxOUT12 
RxOUT13 
RxOUT 14 
RxOUT15 
RxOUT16 
RxOUT17 
RxOUT18 
RxOUT19 
RxOUT20 
RxOUT21 
RxOUT22 
RxOUT23 
RxOUT24 
RxOUT25 
RxOUT26 
RxOUT27 


Notes: 


1) 


2) 


HSYNC. RxOUT24 See Note 2 


VSYNC RxOUT25 See Note 2 
ENABLE RxOUT26 See Note 2 


Output is from RX1 and RX2 (e.g N.S. DS90C562, TI SN75LVDS86). RX1 
sends out the odd pixel while RX2 sends out the even pixel. In this case, odd 
pixel refers to the first pixel of the double pixel pair. 


RxOUT 24/25/26 are LVDS_RESERVED_BIT [1]/[2]/[3 
bits are reserved to be programmed by the user. 


md 


respectively. These 
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LVDS Data Arrangement 


6.9.3. DSTN Interface 
Table 6-22 DSTN Pack 12 x2 Panel 


RxOUTO 


RxOUT2 UD1 
RxOUT4 UD3 
unio 


RxOUT11 UD10 RxOUT25 CLOCK 
RxOUT12 | UD11 RxOUT26 HSYNC 


RxOUT13 LD11 | *RxOQUT27 VSYNC 


oo 


Note: Output is from RX1 (e.g N.S. DS90C582I, TI SN75SLVDS82) 


Table 6-23 DSTN Pack 8 x2 Panel 


~RX1 output pin. 


RxOUT2 UDI 
UD7 
re 


RxOUT7 LD3 
RxOUT9 LD1 


C 
RxOUT12 Le RxOUT26 HSYNC 
RxOUT13 RxOUT27 VSYNC 


Note: Output is from RX1 (e.g N.S. DS90C582I1, TI SN75LVDS82) 
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Panel Control Interface 


6.10 Panel Control Interface 


Table 6-24 Panel Control 


Controls Panel Digital Power 


BIASON se Controls Panel Bias Voltage 

BLON | O __ | Control Backlight On/Off 

F32KHz ae 32KHz clock input for memory refresh 
It has one of 2 functions: 

STANDBY# ~ Pin Mode: Chip goes into standby mode when this pin is 
active. 
- Timer mode: Use as activity pin. 

SUSPEND# | |_| Chip goes into suspend mode when this pin is active 


6.11 Zoom Video Port Interface 


Table 6-25 ZV Port Interface 


o | w | 1 | vo | 
zveorriy [iid : 
zveonma) [ve | + +i wef 
zveorr@) | _vs_| + 7 
zveorTia [ve 1p was 
ZVPORT(5) | 
ZVPORT(6) | | 

| 


zvront@ |= 
zvronT@) | __wi | 1 | ~erioq) | __W0 


ZVPORT(8) UVO ZVGPIO(0) 0 
( 

ZVPORT(10) ZVGPIO(2) VO 

ZVPORT(11) UV3 ZVGPIO(3) VO 

ZVPORT(12) UV4 ZVGPIO(4) | VO 
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General Purpose V/O Interface 


Table 6-26 ZV-Port Pins Multiplexing (Continued) 


( Eel 
ZVPORT(14) UV6 FL | ZVGPIO() VO 
ZVPORT(15) UV7 PE | ZVGPIO(7) | /O 
zvpontie) | REF ft | | 
zvontii7y) | verso | td] | 
zvponriie) | Pou] 1 | rok | 


Note: In 8-bit video input mode, ZVPORT(17:8) could be used as general purpose 
1/Os. 


6.12 General Purpose I/O Interface 


GP10(16:0) 0 Monitor ID (3 pins) 
| l2C Support (2 pins) 


GPIO(12) I2CSDA l2CSDA lO 
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Optional AT! Multimedia Channel Interface 


Table 6-28 General Purpose I/O Pins Multiplexing (Continued) 


GPIO(13) on ID3 lO 
aPIO(14) 0 
GPIO(T) —10 
aPIO(1) 10 


Note: In order to be pin compatible with RAGE LT chip, the position of I2C clock is 
programmed with I2C_SEL(1) bit. 


6.13 Optional ATT Multimedia Channel Interface 


Table 6-29 AMC Interface 


ror) || Yuwie) : 
ZVPORT(18) _ V0 CLK Dot (Pixel) Clock 
GPIOO | MVO fo. * SADO 
GPIO2 M-I/O SAD2 
GPIO3 jo | SAD3 
GPIO6 /0 | SAD6 
GPIO7~ | | | | SAD7 


~ SIOR 


a ae 
GPIO12 /0 SDA 3 
GPIO13 0 SCL -- 


GPIO14, GPIO15. Wa i | . 
GPIO16 | 


Note: Any extra pins not used (*) in a particular mode can be used as a general 
purpose I/O pins GPIO. 
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Power and Ground Pins 


6.13.1 LCD SYNC Signals Mapping 


Table 6-30 


~ LCDTMGO 
LCDTMG1 
LCDTMG2 
LCDTMG3 


Display Enable Free run clock for external panel link support — 


Data Clock (Shift Clock) Data Clock 
Line Pulse (HSync) Line Pulse 
Frame Pulse (VSync) Frame Pulse 


6.14 Power and Ground Pins 


There are three power rings: core power (VDDC), I/O power (VDDR) and PCI power | 
(VPP). The ground ring (VSS) is common for all of them (VSSC, VSSR and VSSP). 


VPP (2 pins) 
VDD (10 pins) 

VSS (6 + 16 pins) 
LPVDD 
LPVSS 


Digital Power - 3.3V 


a Digital Ground 


LVDS PLL Power pin 
LVDS PLL Ground pin 


6.15 256-pin BGA Pin Listings 
6.15.1 Pinout by Ball Reference 


Table 6-32 256 BGA Pinout by Ball Reference 


A16 
A19 


ZVPORT17 
ZVPORTO9 
ADO 

AD10 
DEVSEL# 
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256-pin BGA Pin Listings 


Table 6-32 256 BGA Pinout by Ball Reference (Continued) 


C12 
C15 
C18 
D1 
D4 
D7 
D10 
D13 
D16 
D19 
E2 
E17 
E20 
F3 
F18 
G1 
G4 
G19 
H2 
H17 
H20 
J3 
J10 
J17 
J20 
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GPIO10 
ZVPORT15 
ZVPORTOS5 
ADS 

AD15 
FRAME# 
AVSS 
GPIO12 
ZVPORT11 
ZVPORTOO 
AD8 

AD17 
PVSS 
AVSS 
GPIO15 
VDDC 
AD3 

AD13 
AD19 


~VSY 


CBE3# 
AD22 
XTALOUT 
AD26 
LCDDO4 


~ LCDDO'1 


AD29 
LCDDO7 
CLKRUN# 
REQ# 
LPVDD 
VSS 

VPP 

MD61 


B6 GPIO13 


ZVPORT 12 
ZVPORT01 


C10 ZVPORT07 


RSET 
GPIO6 
.GPIO16 


B10 
B13 
Bi6 
B19 
C2 
C5 
C8 
C11 


C13 AD2 C14 


C16 AD12 
C19 AD16 


C17 
C20 


D2 PVDD D3 
D5 GPIO5 D6 


D8 
D11 
D14 


vss 
ZVPORTO3 
VPP 


D9 


D12_ 


D15 


D17 AD21 D18 
D20 AD18 E1 


E3 


F1 


F4 XTALIN F17) 


AVDD 
IDSEL 
LCDDOO 


E4 
E19 
F2 


F19 AD25 F20 


G2 
G17 


LCDDO3 | 
AD31 


G3 
G18 


G20 AD28 H1 
H3 LCDDO6 H4 


H18 RESET# | 


J1 


LCDDOS 


H19 


J2 


| 4 LPVDDR JO 


J11 VSS J12 


J18 ~ CPUCLK 


K1 


LCDDO13 


J19 
K2 


ZVPORT18 
ZVPORTO08 
AD1 

AD11 
TRDY# 

G 

GPIO9 
ZVPORT16 
ZVPORTO04 
AD6 
CBE1# 
CBE2# 

B 

VDDR 
ZVPORT10 
VSS 

ADO 

AD20 
HSY 
VDDR 
AD23 
LPVSSR 
AD27 
AD24 
LCDDO2 
AD30 
LCDDO8 
LCDDOS5 
GNT# 
LPVSS 
vSS 
VSS 
MD62 
LCDDO12 
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Table 6-32 256 BGA Pinout by Ball Reference (Continued) 


256-pin BGA Pin Listings 


U10 
U13 
U16 
U19 
v2 
V5 
V8 
vi1 
V14 
V17 


LCDDO11 
VSS 
INTR# 
MD59 
LCDDO16 
VSS 
VDDC 
MD56 
LCDDO19 
VSS 
MD52 
MD55 
LCODDO22 
MD49 
A2VSS 

C 

MD46 
R2SET 
MD40 
MD43 
LTGIO1 
MD37 
CS3 

VSS 
VDDR 
WE#2 
VDDR 
MD19 
MD35 
LCDTMG3 
RAS#0 
MA6 

MDO 
MD10 
MD22 
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L18 MD58 L19_ 


Mi___Loppor7 [wa 
Ma____LpvssR [ws 
MiSs 
Poo Mba ———«d 
Re_AavoD__—_—| ra 
rm swe «dt 
[v2____.ooTweo [03 
us oer 


U11 VDDC Ui2 
U14 MD11 U15 
U17 MD28 U18 
U20 MD36 V1 


VSS 

VSS 
MD60 
LCDDO15 
VSS 

VSS 
MD57 
LCDDO18 
VSS 

VSS 
MD54 
LCDDO21 
MD48 
MD51 

Y 

MD45 
COMP 
VDDR 
MD42 
LTGIOO 
MD30 
MD39 
LCDTMG1 
DSF 

VSS 

MD4 
MD15 
MD31 
LCDTMG2 
cSt 

MA2 
WE#3 
MD7 
MD18 
MD32 
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Table 6-32 256 BGA Pinout by Ball Reference (Continued) 


wi2 
W15 
W18 
Y1 
Y4 
Y7 
Y10 
Y13 
Y16 
Y19 


256-pin BGA Pin Listings 


SUSPEND# 


MAO 
WE#0 
MD2 
MD13 
MD24 
BLON 


~ ROMCS# 


MA4 
WE#5 
MD5 
MD16 
MD25 


W4 CKE W5 
W7 MAS, Ws 
W10 WE#4 Wit 
W13 MD6 W14 
W16 MD17 W17 
W19~—sS MD27 wW20 


Y2 STANDBY#  1Y3 
Y5 CS2 Y6 


Y8 MA8 Y9 

Y11 WE#6 Y12 
Y14 MD8 Y15 
Y17 MD20 Y18 


6.15.2 Pinout by Signal Name 


Table 6-33 256 BGA Pinout by Signal Name 


AD12 
AD15 
AD18 
AD21 
AD24 
AD27 
AD30 
AVSS 


BIASON 


V3 


CAS#0 
MA7 
WE#7 
MD9 
MD21 
MD33 
CSO 
MA1 
WE#1 
MD1 
MD12 


~MD23 


F32KHZ 


BLON Y1 C P4 
CBEO# B15 CBE1# C17 
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256-pin BGA Pin Listings 


Table 6-33 256 BGA Pinout by Signal Name (Continued) 


“CBE2# C20 CBE3# E17 CKE w4 


CLKRUN# H17 CPUCLK J18 
CS3 U1 DIGON Wi 
DSF U6 FRAME# B20 
GPIO1 B2 GPIO3 B3 
GPIO4 A3 GPIO6=—tié«iCA 
GPIO7 B4 GPIO9 C5 
GPIO10 B5 GPIO12 C6 
GPIO13 B6 GPIO15 D7 
GPIO16 C7 IDSEL E18 
INTR# K17 LCDDOO F4 
LCDDO‘1 G4 LCDDO3 G2 
LCDDO4 Gt LCDDOS = H4_——s| LCDDO6 H3 
LCDDO7 H2 LCDDO9- Jt 
LCDDO10 K4 LCDDO12 K2 
LCDDO13 K1 LCDDO15 L2 
LCDDO16 L3 LCDDO18 M2 
LCDDO19 M3 LCDDO21 N2 
LCDDO22 N3 | CDTMGO U2 
LCDTMG1 U3 LCDTMG3 V2 
LPVDD J3 LPVSS J2 
LPVSSR F2 LTGIOO T2 


MA4 Y7 MA5 U8 MAG V8 
MA7 W8 MAS Y8 MAQ vg 
MDO V11 MD1 Y12 MD2 W12 
MD3 v12 MD4 U12 MD5 Y13 
MD6 W13 MD7 V13 MD8 Y14 


MD9 w14 MD11 — Ut4 
MD12 Y15 MD14 VIB 
MD15 U15 MD17 W16 
MD18 V16 MD20 Y17 
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256-pin BGA Pin Listings 


Table 6-33 256 BGA Pinout by Signal Name (Continued) 


RSET 
SUSPEND# 
VDDC 
VDDC 
‘VDDR 
VPP 
VSS 
VSS 
VSS 
VSS 
VSS 
VSS 
VSS 
WE#1 
WE#4 
WE#7 
Y 
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P3 


RESET# H18 ROMCS# 


STANDBY# Y2 STOP# 
SYNC T1 TRDY# 


VDDC L4 VDDC 
VDDR D6 VDDR 
VDDR U7 VDDR 


VPP J17 VSS 
VSS JQ VSS 


VSS K11 VSS 


VSS M12 VSS 
VSY E2 WE#0 


WE#2 U10 WE#3 
WE#5 Y10 WE#6 
XTALIN F4 XTALOUT 


ZVPORTOO C12 ZVPORTO1 


Den wn vi ase 


Y4 
B18 
B19 
L17 
E4 

U13 
D8 


~J10 


K9 
K12 
L11 
M10 
U4 
wg 
V10 
Y11 
F3 
B12 


256-pin BGA Pin Listings 


Table 6-33 256 BGA Pinout by Signal Name (Continued) 


ZVPORTO2 


ZVPORTO5 Bi1 
ZVPORT08 B10 


ZVPORT 11 C9 
ZVPORT14 A8 
ZVPORT17 A7 
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A10 ZVPORT10 D9 
B9 ZVPORT13 AQ 


B7 
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6.16 312-pin BGA Pin Listings 


6.16.1 Pinout by Ball Reference 


Table 6-34 312 BGA Pinout by Ball Reference 


312-pin BGA Pin Listings 


B11 
B14 
B17 
B20 
C3 
C6 
C9 
C12 
C15 
C18 
D1 
D4 
D7 
D10 
D13 
D16 
D19 
E2 
E5 
Eg 
E11 


ZVPORT17 
ZVPORT04 
AD8 

PAR 

SBAO 
GPIO2 
GPIO9 
ZVPORT11 
ADO 

AD15 
STOP# 
AD21 

R 

GPIO15 
ZVPORT06 
AD4 
STP_AGP# 
CBE3# 
XTALOUT 
AVSS 
ZVPORT14 
ZVPORTO1 
AD7 
DEVSEL# 
FRAME# 
XTALIN 
GPIO12 


~ VDDR 


VPP 
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B6 GPIO14 B7 


B9 


}B15 


ZVPORTO7 
AD6 
AGP_BUSY# 


B10 
B13 
|B16 


Bi8 SBA1 B19 
C1 PVDD C2 


C4 


C10 ZVPORT02 


GPIO7 
ZVPORT15 


C5 
C8 
C11 


C13 AD_ST#0 C14 


C16 


C19 AD17 


SBA6 


AVDD 


C17 
C20 
D3 


D5 GPIO11 D6 
D8 ZVPORTO9 D9 


Di1 
D14 


ZVPORTOO 
AD11 


D12 
D15 


D17 AD27 D18 
D20 AD20 E1 


E3 HSY E4 
es __aveontie _[e7 

E9 VSS E10 

E12 VSS E13 


GPIO13 
ZVPORT08 
AD5 

SBA7 
AD13 

B 

GPIO6 
ZVPORT16 
ZVPORT03 
CBEO# 
SBA5 
TRDY# 

G 

GPIO10 
ZVPORT10 
AD2 


~ AD10 


SBA3 
SB_STB 
RSET 
GPIO16 
ZVPORT05 
AD3 

AD14 
AD16 
LCDDO3 
AVSS 
ZVPORT13 
VDDC 

VPP 
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312-pin BGA Pin Listings 


Table 6-34 312 BGA Pinout by Ball Reference (Continued) 


E20 CBE2# F4 ~ LODDO4 F2 LCDDO2 
F3 LCDDO1 F4 VSY F5 PVSS 


F6 VDDR F7 VSS F14 VPP 


F415 VSS Fi6 AD31 F17 AD_ST#1 


F18 ~ AD22 F19 AD23 F20 AD26 
G1 LCDDO7 G2 LCDDO6 G3 LCDDO5 
G4 LCDDOO G5 LPVSSR G6 VSS 


G15 VPP G16 AD29 G17 RESET# 
G18 AD24 G19 AD25 G20 AD30 


H1 LCDDO8 H2 LCDDO9 H3 LPVDDR 
H4 LPVDD H6 ‘VDDC 

H16 STO H17 STi. H18  RBF# 

H19 CLKRUN# H20 ST2 Jt LCDDO12 


J2 LCDDO11 1 y3 ~ LCDDO10 J4 LPVSS | 
J5 vss J9 vss J10 vss 
Jt vss J12 VSS J16 VPP 


J17 REQ# J18 GNT# J19 CPUCLK 
J20 AD28 K1 LCDDO16 K2 LCDDO15 


K3 - LCDDO14 K5 VDDC 
K12 VSS K17 PAVDD 
K18 PAVSS K20 MD62 

Lt LCDDO17 Lo LCDDO18 L3 LCDDO19 
L4 LCDDO20 L9 VSS 

L10 VSS L12_ VSS 

L16 VDDC L18 MD60 
L19 MD59 L20 MD58 M1 ~ LCDDO21 
M2 LCDDO22 M4 A2VSS 
M5 A2VSS M10 vss 

M11 vss M16 NC/R 
M17 MD57 M19 MD55 


M20 MD54 N1 Y N2 C 
N3 COMP N4 R2SET N5 VDDR 
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Table 6-34 


312 BGA Pinout by Ball Reference (Continued) 


312-pin BGA Pin Listings 


T10 
T13 
T16 
T19 
U2 
U5 
U8 
U1 
U14 
U17 
U20 
V3 
V6 
v9 
V12 
V15 

V18 
W1 
W4 

‘W7 
W10 
W13 


LCDDO27 
LCDDO30 
NC/R 
MD43 
LCDDO31 
LCDDOQ34 
VDDR 
VDDC 
NC/R 
NC/R 
MD37 
CS3 
RAS# 
VSS 
VDDC 
MD08 
MD35 
MD32 
DIGON 
OE#0 
WE#0 
MDO02 
MD13 
MD30 
BIASON 
OE#1 

MA2 
WE#3 
MDO06 
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Ps____Loppo2a |p 
Poo Mba «dR 
RS____Lop0028 |r 
Re NOR 
eC 


T8 NC/R T9 

T14 VDDR T15 

T17 MD39 T18 
T20 MD36 U1 


us____LooTmigo [ua 
us NCR i 
vi___teorwae [vz 
va pes 


V19 MD29 V20 
F32KHZ W3 
ROMCS# W6 
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LCDDO25 
VDDR 
MD47 
LCDDO26 
LCDD029 
VSS 
MD44 
MD41 
LCDDO33 
MAO 
VDDR 
VDDR 
VSS. 
MD38 
LCDDO35 
LCDTMG1 
MA4 
WE#5 
VSS 
MD16 
MD33 
LCDTMG3 
DSF 

MA7 
WE#6 
MDO9 


-MD20 


MD31 
CSO 
CS2 
MA9 
MDO03 
MD14 


312-pin BGA Pin Listings 


Table 6-34 312 BGA Pinout by Ball Reference (Continued) 


wig MD25 W20 MD28 Y1 BLON 
Y2 STANDBY# Y4 Csi 
Y5 CKE Y6 CAS# Y7 MA‘ 
Y8 MAS Tyg mAs ~—_[Y10 WE#2 
Y11 ~ MDOO Y12 MDo04 Y13 MDO7 


—Y414 MD11 Y15 MD15 «dL Y46 MD19 
Y417 MD22 Y18 MD24 Y19 MD26 


Note: NC/R is “no connect but reserved for future use. 


6.16.2 Pinout by Signal Name 


Table 6-35 312 BGA Pinout by Signal Nam 


AD_ST#0 C13 AD_ST#1 F17 ADO B11 


AD1 Alt AD2 C11 AD3 D12 


ADA C12 | AD6 B12 
AD7 D13 AD9 E14 
AD10 C14 ADI1 = 4s FAD 12 A14 
“AD13 A18 ADI4. = 15D 15 B14 
AD16 D18 —|AD17,——— C19. AD 18 E17 
AD19 «E18 AD21 B20 
AD22 F18 AD24 G18 
AD25 G19 AD26 - F20 AD27 . D17 
“AD28 J20 AD30 G20 
AD31 FAG AVDD D2 
BIASON wi BLON Y1 C N2 
CAS# Y6 CBE1# E15. 
CBE2# E20 CKE Y5 
CLKRUN# —+H19 |comP = ——-N3._———s | CPUCLK J19 
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312-pin BGA Pin Listings 


Table 6-35 312 BGA Pinout by Signal Name (Continued) 


CS3 U2 EVSEL# DIGON V3 
DSF V5 F32KHZ FRAME# D19 


GPIO1 A2 GPIO3 A3 
GPIO4 B3 GPIO6 B4 
GPIO7 C4 GPIOg B5 
GPIO10 C5 GPIO12 E5 
GPIO13 AG GPIO15 C6 


eso ws joss SYA ——=*dS we 
D 
S 


INTR# K16 IRDY# LCDD029 R4 


1 v4 
D16 
Ww2 
| B2 

A4 

A5 

D5 

B6 
GPIO16 D6 IDSEL E19 
LCDDOO G4 LCDDO2 F2 
LCDDO3 E1 LCDDO5 G3 
| CDDO6 G2 LCDDO8 H1 
LCDDOg H2 LCDDO11 J2 
LCDDO12 J ILCDDO1IS)K4 LCDDO14 K3 
LCDDO15 K2 LCDDO17 Lt 
LCDDO18 ie LCDDO20 L4 
LCDDO21 M1 LCDDO23 M3 
LCDDO24 P3 LCDDO26 R1 
LCDDO27 R2 LCDDO30.~—s« A 
LCDDO31 T1 LCDDO33 T3 
LCDDO34 T4 LCDTMGO U3 
LCDTMG1 U4 LCDTMG3 V2 
LPVDD H4 LPVSS J4 
MDOO Yu MDo2 V12 
MDO03 w12 MD05 V13 
MDO6 W13 MDo8 U14 
‘MDOQ V14: MD11 Y14 
MD12 U15 MD13 15s {M14 W15 


MD15 V15 MD16 U16 MD17 ~V16 
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312-pin BGA Pin Listings 


Table 6-35 312 BGA Pinout by Signal Name (Continued) 


-RAS# U5 RBF# H18 REQ# J17 


RESET# G17 ROMCS# W5 RSET D3 

SB_STB C20 SBA1 B18 
SBA2 A17 SBA3 C17 SBA4 E16 
SBA5 B16 SBA7 A15 
STO | H16 ST1 Hi7.—s—sédL STD H20 
STANDBY# Y2 STOP# B17 STP_AGP# C15 
SUSPEND# 3 SYNC p2 TRDY#  — BI1Q 


VDDC E10 VDDC H6 VDDC K5 
VDDC L16 VDDC T10 VDDC U11 


VDDR E8 VDDR F6 VDDR H5 
VDDR N5 VDDR P6 VDDR P15 
VDDR T7 VDDR T9 VDDR T12 
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312-pin BGA Pin Listings 


Table 6-35 312 BGA Pinout by Signal Name (Continued) 


WE#2 Y10 WE#4 V10 
WE#5 U10 WE#7 W111 
ZVPORTOO D11 . ZVPORT02 C10 
ZVPORTO03 B10 ZVPORT05 D9 
ZVPORTO6 C9 ZVPORTO8 AQ 
ZVPORTO9 D8 ZVPORT11 B8 
ZVPORT12 A8 ZVPORT14 D7 
ZVPORT15 C7 ZVPORT17 A7 


Note: NC/R is “no connect but reserved for future use’’. 
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Note: NVC/R= “No Connect but Reserved” for future use. 
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7.1 Bus Timings 
Timing specifications for PCI bus operations are given by: 


¢ Single Read/Write Cycle Timing, see Figure 7-1. 
e Disconnect On Burst Cycle, see Figure 7-2. 

e Burst Access Timing, see Figure 7-3. 

e PCI Bus Master Operation, see Figure 7-4. 

e AGP AC Timing, see Figure 7-5 and Figure 7-6. 


e Power Up and Reset Timing, see Figure 7-10 
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Bus Timings 


7.1.1 Single Read/Write Cycle Timing 


SEBER 
CC FEA er 
TaTs5: 3 TA: Tse. 3 
FRAME# —y 7" i ee a a ee ) i — 3 
ack 4 - 4 ie. Pate ae 
1 t 7 ‘ t ‘ t bab sie ’ 
AD(31:0) —{Rar {Data From System | —(invalbaia Jat Te Sete} 
C/BE#(3:0) —{Cird {+ Byte Enables: | | 
IDSEL Naso Dom Care we Ne a: Rous 
art ETS oe a 
RONG a 
: ; 16. tT7 ; ‘ 
TRDY# : At J Seek Sees a 
ig. 
DEVSEL# cae) ME © coceceeaess A AE se 
T14 | TAS 
PAR 2 rere an eae es 12) 
“TTS 
| Single Write Cycle | | . Single Read Cycle | 
1* The minimum number of clocks from FRAME# active to TRDY# active is programmable. 
Figure 7-1. Single Read/Write Cycle Timing - PCI Bus 
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Bus Timings 


7.1.2 Disconnect On Burst Cycle - PCI Bus 


CLK fF VTE NINN NI NPT 
rraMe# (tf 
posto 


C/BE#(3:0) ees eee ee , 

IRDY# oo 7 : 4 
i : 

TRDY# 2 Fy ! 
- 116, | Ti? 
, oe >, 

STOP# -. : | 
, 18 ‘T9 


DEVSEL# oo - 


Figure 7-2. Disconnect On Burst Cycle - PCI Bus 
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Bus Timings | 


7.1.3 Burst Access Timing - PCI 


CLK 


FRAME# \ ! ! oe | | 
'T4 275 A ‘TS . 3 | 
Data1 


AD(81:0) 


CIBE#(3:0) — one 


, 


mDYe OL Of Lf 


6 17 
“—_— — 
TROY# =~ ~+4 . aan 2 oe ae 


' T8 


— 
DEVSEL# | | 


Figure 7-3. Burst Access Timing - PCI Bus 
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Bus Timings 


7.1.4 PCI Bus Master Operation 


CLK 
718 , ! 'T18 
> ; ' i ; , sic 
7 acs ar ae ee meas aaa : 
Cr : : ’ ’ er, 3 
ie oe oe oe) a rns 
I ‘THe. ‘T18 ! 
! te ; t —, ‘ 
FRAME# rs a: 7 or oe eee ee en 
re a i714, ! ! 
AD (3 1: 0) ( | Adr | Data2 Data3 
mo Tie 18 Ts 
crn He.9 oi eo a 
“ae - 5 5 
oa. i, 
DEVSEL# NC (i‘“‘“ C™O™CSCS™S 
: iT18 , T18 7 
> te 
IRDY# ) ! -—" a 7? ia 
« . oe ; 


Figure 7-4. PCI Bus Master Operation 


Table 7-1 PCI Bus Interface Timing Values 


a rr we 
Ta [aus Gescrgh ise 
Tas pu Signal Soup 
T5__[Businput Signal Hod fom OKO 
Te [CikwTAOvacwe —SSCSC~wdC‘“‘ CS 
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Bus Timings. 


Table 7-1 PCI Bus Interface Timing Values (Continued) 


RRR MSR PRE TREES t+ CREME SEE ST BRR ee SR 


7 
T 
T 


TH CLK to data output valid delay | 
(data stepping buffer) 


20 
T15. |CLKtoPARinvaliddelay 7 
T16 CLK to STOP# active delay 


11 
T17 CLK to STOP# inactive delay 


14 


T18 | CLK to signal valid delay 4 


a. Bus input signals include FRAME#, AD(31-0), IDSEL, IRDY#, TRDY#, GNT#, DEVSEL#. 


2 

2 

T13 CLK to PAR tri-state 2 

T14 CLK to PAR valid delay 5 
(data stepping buffer) 


T12 CLK to data output invalid delay - 
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Bus Timings 


7.1.5 AGP Timing 


REQUEST 1 '‘ REQUEST 2 + IDLE | REQUEST 3 + IDLE 
t 1 ‘ i ’ 
U ' ’ ’ ‘ 
: 
me Ee Ent st Lek Bcd bal Eck Lee bcd 
1 tCLK ! 
—_—_—_——_——— 


58070) CXOOVOMCOENEK Xe aK 


SB_STB 


(DVB 1 «tDVA 
GNT# 
ST(2:0) 
IRDY# 


TRDY# 


AD_STBx it ee A [\ [\ [ 


t i t 
tDVB | tDVA 


Figure 7-5. AGP 2X Read Request with Return Data (4Qw) 


Table 7-2 AGP 2X Timing Parameters 


a 
3 


tH | Control signals hold time to CLK ae ie de 
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Bus Timings 


REQUEST 1 , IDLE 


REQUEST 2 ’ IDLE 


Figure 7-6. AGP 1X Read Request with Return Data (4Qw) 


Table 7-3 AGP 1X Timing Parameters 


CLK to control signal and Data valid delay a 
Control signals hold time to CLK Ye 


7.1.6 Mobile AGP/PCI Timing 


For the mobile environment, three signals are used to maintain the clock and indicate its 
status. Two signals, AGP_BUSYB and STP_AGPB, are for the AGP bus, and a third 
one, CLKRUNB, is for the PCI bus. 


°° AGP_BUSYB — generated by the AGP graphic card device and goes to the 
southbridge. When asserted, it indicates the AGP device is currently busy and the 
AGP clock should not be stopped; when deasserted, it indicates the AGP device is not 
running any cycles and the AGP clock can be stopped. 


e STP_AGPB — an input to the AGP device that indicates the status of the clock. 
When asserted, the AGP clock is stopped. 
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Bus Timings 


¢ CLKRUNB — a sustained tri-state input/output signal with respect to the central 
resource (clock generation logic), and an open drain output as well as an input 
with respect to the device. The central resource keeps CLKRUNB asserted when 
the clock is running normally, whereas, when the clock is stopped or slowed, the 
central resource monitors CLKRUNB to recognize requests from master and 
target devices for a change to be made in the state of the PCI clock signal. 


Output drive characteristics are defined by clocking role as follow: 
e Master/Target — “open drain” (i.e. low drive capability only), asynchronous. 


e Central resource — high and low drive capability, clock synchronous when 
driven to a high state, along with weak controllable keeper to maintain a high 
level during clock stop or slowdown. 


There are 3 main states in the clocking protocol: 


¢ Clock running — the clock is running and the bus is operational, with 
CLKRUNB asserted by the central resource. 


¢ About to Stop/Slow — the central resource deassertes CLKRUNB for one clock 
to inform the device that the clock is about to stop, then central resource tri-states 
its CLKRUNB output driver. The clock continues to run unchanged for a - 
minimum of 4 clocks after CLKRUNB is deasserted. During this period of time, 
a master/target may reassert CLKRUNB for 2 clocks to request continued clock 
generation. When the central resource samples CLKRUNB reasserted, it will not 
stop the clock; otherwise, the clock will be stopped and the controllable keeper 
resistor will maintain the deasserted state of CLKRUNB during the period in 
which the clock is stopped or slowed. 


¢ Clock Stopped/Slowed — the central resource monitors CLKRUNB while the 
clock is stopped or slowed. The master may request use of the bus by asserting 
CLKRUNB for 2 clocks, then it may tri-state its CLKRUNB output driver. The 
central resource will turn on the clock and assert CLKRUNB. 
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Bus Timings 


CLK 


ne. 


Sn ne ooo 


DRIVEN BY CENTRAL RESOURCE - PULLUP ENABLED 


Figure 7-7. Clock Stop or Slow-down 


CLK 


CLKRUN# i ee ene ee ee Jer ee 
KY KLe/ 


REQ# Gs eR a ee dion ar hs A ins, tates Gea ae! 
-— a 
PULLUP ENABLED DRIVEN BY CENTRAL RESOURCE 


DRIVEN BY DEVICE 


Figure 7-8. Clock Start or Speed-up 
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Bus Timings 
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IRDY# ) / ee : 
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> 
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Figure 7-9. Maintaining Clock 


* A more detailed description of the mobile environment and the CLKRUNB signal’s role 
can be found in the document entitiled PCI Mobile"Design Guide. 


7.1.7 Power-up and Reset Timing 


The assertion and deassertion of the RST# signal is asynchronous with respect 
to clock. After RST# is asserted, PCI components must asynchronously float 
their outputs. Meeting both T_rst and T_rst-clk will be considered as proper 
reset of the internal logic for start-up of the chip. 


Table 7-4 


Reset Active Time After Power Stable 
First Cycle after Reset 300 to 
Reset Active Time After CLK Stable 100 | | 


T_rst-clk 
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Figure 7-10. Reset Timing 
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Memory Timing 
7.2 Memory Timing 
Timing specifications for DRAM and SDRAM memory operations are given by: 


°° DRAM/EDO DRAM Cycle Timing, see Figure 7-/1. 

¢ Hyperpage EDO DRAM Cycle Timing, see Figure 7-12 
e Refresh Cycle Timing, see figure 7-13. 

°° SDRAM/SGRAM Cycle Timing, see Migure 7-/4. 
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7.2.1 DRAM /EDO DRAM Cycle Timing 


tt, 
icy, Hic 

XCLK AVAVAVAVAVAVAVAUAVAVAVAVAVAVANATAVANAE 

tRAS, tCSH tRP ‘ ) “4CR . 
RAS# _/ |] oo | 

- tRC 7 

4 tRCD __, .YCAS- 
——_S ss —$_____— 
CAS# Ci LL 
tWCS, two}. 


fanecuae ont 
Write Cycle Only 


, ae ) 
{RDS. tRDH tRDS : DS {BDH tROS. ROH: 
RDATA i} CRAY YRKYNNY Ny TINUTTTTTTITIIONNYY oat ATTY) V Ky i WY h ‘ i fi X ( \ Nl ‘| ‘| X i y \ K Wy 
(DRAM) NAAAAAAAAAAAAAAAAAAAAAAAAAAAAANAAAAA : oA 
tRDS 80H tRDS RDH tRDS oa 
(EDO) 0000 ac an ESI 


Figure 7-11. DRAM /EDO DRAM Cycle Timing 


Table 7-5 DRAM / EDO DRAM Interface Cycle Timing Values 


‘Clock Period | 20 
Clock High _ —tCH 4 | 
Clock Low tCL. pA - 
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Memory Timing 
DRAM /EDO DRAM Controller Values 


Table 7-6 DRAM / EDO DRAM Cycle Timing Values 


Cycle time pec tRP + tRAS an 2to12 


Row address hold | tRAH foe 
CAS address hold | tCAH fo 
Output enable setup | tOFS | 
Output enable hold | tOEH {| 
ee etal 
a aa 
i ee 
ae a 
a ees 
ee ed 


Write command setup >1 
Write command hold 1 
Row address setup >1 
Column address setup >1 
Write data setup tDS 1 
Write data hold tDH 1 
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7.2.2 Hyperpage EDO DRAM Cycle Timing 


Ke PP ew NP NS NG 


: RAS, {CSH ; tRP 
rast / \. f/f ‘ = 
(RC.  tPC 
tRCD yaa 4S tC 5 
CAS# 
WE# 
OE# 


: : ‘ ; : 
tASR tRAH tAS GCA 


, <+—_ >+_——__> : 
: i > . s 
" . ‘ : ( : 
MA Besiaee eee 5 X BBX GX GB) 
‘ . ; : : 
: ; ; : 2 ‘ : ‘ 7 : . 


tASR : tRAH tASCtCAH 


DStDH | t(DStDH_ . 
(ean ae . 
WDATA Koata K | (Daia X Data X Data X Data 
a cae 
tRDS ‘tRDH RDS «tRDH | 
<Q ped— pe <j pq _p><4_><q p< -- p<] _—_ pa — pp 


‘ . : . 


RDATA (oan Xo Xo Yon) 


» 


Figure 7-12. Hyperpage EDO DRAM Cycle Timing 


Table 7-7 Hyperpage EDO DRAM Timing Values 


XCLK Perio 


t 
RAS to CAS (min.) | tRCD | 1%tCto4%tC | MEM_TRCD+% | — 11:10 
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Table 7-7 Hyperpage EDO DRAM Timing Values (Continued) 


CAS precharge 
‘CAS pulse 
Row address hold 
CAS address hold 
Output enable setup 
Output enable hold 
Write command setup 
Write command hold 
Row address setup 


Column address setup ¥2 tC - 5.0 
Write data setup Ye tC - 5.0 


Notes: 


¢ Worst case numbers (max. values) achieved assuming worst case process (setup 
time): 70 degrees C; 3.0 V; 40 pF on address lines; 28 pF on RAS, WE and OE lines; 
14 pF on CAS and data lines. 7 


¢ Best case numbers (min. values) achieved assuming best case process (hold time): 0 
degrees C; 3.6 V; 20 pF on address lines; 28 pF on RAS, WE and OE lines; 7 pF on 
CAS and data lines. 


¢ Hold and setup time values considered without taking into account transmission line 
effects of the address, control, and data lines. 


¢ Timing values are provided assuming 1.4V transition level. 
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7.2.3 DRAM Refresh Cycle Timing 


P tc, 
—_—_—_—, 
*tCH. tCL' 
Seed 


tRAS tRP 

RAS# ~~ ! } 
' tcAS + ! 

CAS# i 8 | | 


OE# , 
WE# . , 


Figure 7-13. Refresh Cycle Timing 


Table 7-8 Refresh Cycle Timing Values 


cle Time — 

RAS# precharge time MEM_TRP{9:8] 
RAS# pulse width MEM_TRAS[18:16] 
CAS# to RAS# setup time 7 
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7.2.4 SDRAM/SGRAM Cycle Timing 


tC 
{CH CL | | | 
XACLEKR. PAS er LS eas ae eae Fh ee ae ee ere 
: : {CRD 
CS# es ee ee, eee 
tRP ( tRAS ' 
a a a cm aac OM eee 


tAS ‘“tAH ’ : 
’ —— : 
MA[9] C OOQQOOO0OOOOXKXK  XXXXXK KKM KKK XAXKXXKKKK 


3 


MA[8] Row ADXXKKAAKAKK KAKA KAKA ALAR AKAR MAK AAA) 


OY) QO 


q 


KARKAKAAAAM Row ADXXXXXXXXXXKXXKKMO}-ADKXXXXXCOIADKC ol ADK ol. AKC! ACK XXXXXAKAK KAKA) 


OKXXKKKKK XXXXX 
DSF (Write Data), | r— 


4 


: tWDS ‘tWDH 
: — : 
WDATA XXXXXXXXXXXXXXX XXX XA YAY OOO AIK IDK AAAI 
; : Write Data 
t{DQMS ;tDQMH ; 7 
. ; —I4 : , : 
DQM OO IYI _ AY (_B_X_C > CD KAA 
{RDS tRDH 
Read Dat ——, ; 
RDATE 
Latency(3tC): “2 Read Bata 
——————— ey 
Ga (ope AG bb: 3 
Precharge Active Write Cycle Read Cycle Precharge 
Figure 7-14. SDRAM / SGRAM Cycle Timing 
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Table 7-9 SDRAM/SGRAM Cycle Timing Values 


Clock period 


ac 
Clock high time | tCH | 
th 


Clock low time 


Command setup time 

provided (RAS, CAS, WE,CS,} tCMS 
DSF) 

Command hold time ee (CMH 

(RAS, CAS, WE, CS, DSF) 

DOM setup time provided | tDQMS oo 
DQM hold time provided tDQMH Lae he 
Address setup time provided ae ae 
Address hold time provided | tAH | 1.3 | 
Write data setup time provided wos [30 
Write data hold time provided | tWDH | 21 | 
Read data setup time required | tRDS | -0.9 | | 


Read data hold time required | tRDH | 3.0 | 


Row cycle time 2tC 12tC |MEM_TRP +MEM_TRAS 


re 
PRE to ACTV delay | tRP {| ttc | 4tC _MEM_TRPI9:8] 
| tRAS | 


ACTV to PRE min delay tRAS 8 tC MEM_TRAS[18:16] 


ACTV to CMD delay | 4tC MEM_TRCD/[11:10] 


Write recovery time 2tC MEM_TCRD[12]+ 1. 


Block write cycle time 


Notes: 


° Worst case numbers (max. values) achieved assuming worst case process (setup 
time): 70 degrees C,3.0 V, 45 mee on address and command lines, 30 pF on data and 
DQM lines. 


¢ Best case number (min. values) achieved assuming best case process (hold time): 0 
degrees C, 3.6 V, 5 pF on address and command lines, 3.5 pF on data and DQM lines. 


¢ Hold and setup time values considered without taking into account transmission line 
effects of the clock, address, command, data and DQM lines. 


° Timing values are provided assuming 1.4 V transition level. 
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Memory Controller Register Programming Examples 


7.3 Memory Controller Register Programming Examples 


7.3.1 DRAM / EDO DRAM 
Table 7-10 DRAM / EDO DRAM - Values for 15ns Clock Period (67 MHz) 


Cycle time 
RAS precharge 
RAS pulse 


RAS to CAS (min.) 


CAS high - RAS high 
RAS - CAS high 


CAS precharge 
CAS pulse 

Row address hold 
CAS address hold 
Output enable setup 
Output enable hold 


Write command setup tWCS = 0 ns min 


Write command hold 


Row address setup 


Column address setup tASC = Ons min 


Write data setup 
Write data hold 


tRC = 104 ns min. tRP + tRAS Bee 120 


tRP = 40 ns min MEM_TRP=10 3 45 
tRAS = 60nsmin. | MEM _TRAS=100 75 


tRCD = 14 ns min., _ 
tRCD = 45 ns max. ee nae ie 


1 
a 
Pir=tonsmin. [SCT tC 
Pcan=tonsmin [| td 
p10ES=Onsmin [| 
PAOEH=Onsmin [dT tT 
PwcH=tonsmin.[ | tS 
PaAsR=onsmin. [dT tC 
[ws=onemin. [Sd St | 

tDH = 10 ns min. a i a 15 


Note: All times are shown to the nearest nano-second (ns). 


Table 7-11 Additional MEM_CNTL Register Bits to be Programmed 


MEM_LATENCY 


2 clocks) 


: a ( 
7:6 MEM_LATCH (positive edge of XCLK) 
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01 
10 

13 MEM_TR2W 0 (1 clock delay between read and write) 
a 0 ( 
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100 (1 every 1031 XCLK or 512 cycles 
Ree MENC RE HESn nie per 7.9 mS for 67MHz operation) 
7.3.2 Hyperpage EDO DRAM 


Table 7-12 Hyperpage EDO DRAM (Silicon Magic SM81LC256K16A1-35), XCLK 
Speed = 83 MHz (12 ns period) 


XCLK Period 


Cycle time tRC = 48 ns min tRP + tRAS 60 


RAS pulse tRAS = 28 ns min.| MEM_TRAS = 010 36 
RAS to CAS (min.) tRCD = 10 ns min.| MEM_TRCD = 00 18 
CAS high - RAS high tCRD MEM_TCRD = 1 12 


Row address hold tRAH = 6 ns min 12 


CAS address hold tCAH= 5 ns min 4.8 


Output enable setup % tC - 5.0 | 1.0 | 
2 


Write command setup tWCS=0 min Re Ye tC - 5.0 12 


RAS - CAS high tCSH =-22 ns min. tRCD + % 24 
Output enable hold tOEH=5 min 

Write command hold tWCH=6 min. _ 1.0 
Row address setup tASR=0 min. 12 
Column address setup tASC=0 min. Ya tC - 5.0 12 
Write data setup — Ye tC - 5.0 1.0 
Write data hold 


All times are shown to the nearest nano-second (ns). 


a 


0.4tC 4.8 
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Table 7-13 Additional MEM_CNTL Register Bits to be Programmed 


5:4 MEM_LATENCY 01 (2 clocks) 
7:6 MEM_LATCH 10 (positive edge of XCLK) 


13 MEM_TR2W O (1 clock delay between read to write) 
14 MEM_CAS_PHASE 0 (CAS low when clock low) 
19 MEM_REFRESH_DIS 0 (enabled) 


110 (1 every 1250 XCLK or 512 cycles per 
22:20 MEM_REFRESH_RATE 7.7 mS for 83 MHz operation) 


7.3.3 SGRAM 


Table 7-14 SGRAM (Hitachi HM5216326-10), XCLK Speed = 100 MHz, CAS 
Latency = 3 


Row cycle time 
PRE to ACTV delay 


ACTV to CMD delay 


Write recovery time 


5:4 MEM_LATENCY 11 (4 clocks, SGRAM CAS latency 3) 
7:6 MEM_LATCH 01 (HCLK feedback) 
19 MEM_REFRESH_DIS 0 (enabled) 


| 110 (1 every 1250 XCLK or 1024 cycles per _ 
ee MEN een omnes 12.8 ms for 100 MHz operation) 
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9:8 MEM_CLK_SELECT 00 (SD/SGRAM clock from DLL) 
11:10 MEM_CAS_LATENCY 11 (SD/SGRAM CAS latency = 3 clocks) 
27:24 MEM_GCMRS 0101 


7.4 ZV Port Timing 


The timing diagram below depicts the relationship amongst the ZV Port signals. The 
associated video interface timing table (fable 7-18) shows the AC parameters associated 
with the ZV Port signals when the ZV Port custom interface is in use. 


Table 7-17 ZV Port Signals 


This signal is used to clock valid data and HREF signal into the ZV Port. 
PCLK The maximum rate is 40 Mhz. During display time, rising edge of PCLK is 
used to clock the 16-bit pixel data into the ZV Port. 


This signal supplies the vertical synchronization pulse to the ZV Port that 


vou displays the video data 
This signal supplies the horizontal synchronization pulse to the ZV Port that 
HREF . , 
| displays the video data. 
Y[7:0] These signals are 8 bits of luminance data that are input to the ZV Port from 


the PC Card. 


UVE7: 0] These signals are 8 bits of chrominance data that are input to the ZV Port — 
vs from the PC Card. 
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«— EvenField | cs Odd Field 


‘16! 17! 
{7:0} / UV{7:0] oo) (2) ie 0c) ae 


Figure 7-15. Relationships among ZV Port signals 


Table 7-18 ZV Port Timing Parameters 


_ Symbol | Parameter faximum 
Fe vam mm 
is 
@_[POLKisotime ——~—SSSS~«*d As (TBD) __fO rw (THD 
e 
: 
: 
7 


t8 VSYNC setup / hold time to HREF 100 ns (TBD) 


The ZV port can run with a PCLK period of 25 ns, although the PCMCIA specifies 
62.5 ns. The timing at 40 MHz is shown in brackets next to the PCMCIA timing 


specifications. Please refer to the PCMCIA Zoom Video Port Specification for further 
details. | 
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7.5 LCD Panel Timing 
7.5.1 TFT Panel 


'Tch ‘Tels 
< ' ™ 


igo Ess, 


Clock | | | | | | | | | | | | 


'Tds ‘Tcl! 


' —_—_, | 
Pixel Data (single/ odd and even) X X 


! —> <— 
Tes ; 

Display Enable | 
} Horizontal Timing 


te TH we 5 


Vertical Timing 


' ! TV t] 


TVH' ' 
Figure 7-16. TFT Panel Timing. 
3D RAGE LT PRO Controller Specifications © 1997 ATI Technologies Inc. 


7-26 | Proprietary and Confidential 


LCD Panel Timing 
7.5.2 STN Panel 


‘Toh « Tel: 


‘< Tc ; 
owe OT LE LI LJ LE 
! , 'Tds ‘Toh , 
‘ <—_<— ‘ ! 
: ‘Horizontal Timing ! ! 
: ie ! Th THp 
Hsync — mn eee se Ls: 


Vertical Timing 


i) i TV i} 


ro 


Thy$ Thyh ‘ Tilys 


Figure 7-17. STN Panel Timing. 
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7.5.3, LCD Panel Timing Tables 


Table 7-19 TFT Panel (640x480) - Single Pixel per Clock 


PON Doo RRR BRIO PRS e eS eae 
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Table 7-21 TFT Panel (1024x768) - Odd and Even Pixel per Clock 


mf 


a 


Thys 
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Table 7-22 STN Panel (640x480) 


Table 7-24 STN Panel (1024x768) 


i 
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LCD Panel Timing 


Thyh 
Tlys 


a 
ee 
ooo 


+1.2V 
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OV (Diff) 


-250 to 
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Figure 7-18. LVDS Panel Timing. 
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Table 7-25 


Transmitter Channel to Channel Skew defines the skew between 


clock and data lines with a fixed clock position | 


Transmitter Clock Jitter defines the maximum cycle to cycle clock 
jitter at the transmitter 


TxouTs: =X XXX __ 
TXOUT2+/- ) Ca ap ae 


Figure 7-19. Transmitter Channel to Channel Skew 
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7.5.5 Panel Power Sequencing Timing 


Panel On Panel Off 


DIGON I \ 


Flat Panel : ; : 


Signals 


BIASON ) , [ \ . : 
BLON# \ | 
1 2Tpg 1, 2Tpg , Tres: 1 Tps, 2Tps 2Tps_ , 


Tps = power sequencing delay time 


Figure 7-20. Panel Power Sequencing Timing 


Note: Tps — power sequencing delay time — is programmable (field PWRSEQ_ DELAY, 
bits 31 to 24 in the ZVGPIO register) from 4 to 1024 ms in increments of 4 ms. At 
default, Tps = T frame pulse = 16ms for 60Hz refresh rate. 
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8.1 


The 3D RAGE LT PRO is capable of a wide variety of modes with various combinations 
of CRT, LCD and TV-Out outputs. This chapter describes the modes supported and their 
respective memory requirements for various display combinations (primary and/or 
secondary CRT Controller), full screen 3D, video/DVD and TV-Out. 


NOTE: In all cases, memory configuration is assumed to be JOOMHz SGRAM unless 
otherwise specified. 


Single CRT Controller Modes 


The following table represents the modes supported in single CRTC configurations, that 
is, only one display (either primary or secondary) active. The tables specify the minimum 
memory requirement for various display sizes and refresh rates. Note that specific display 
devices (CRT or LCD panels) may not support all modes. 


Table 8-1 : 
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Dual CRTC Modes 


fear iB ie 
indicates modes not supported by secondary display 


8.2 Dual CRTC Modes 


The following two tables represent the modes supported in dual CRTC configurations, 
with two independent displays running concurrently. Please note the memory size, type 
and speed as well as the refresh rates. The tables specify the maximum colour depth (in 
bits-per-pixel ) for the secondary display, given the colour depth and resolution of the 
primary display and the resolution of the secondary display. 


Table 8-2 


640 480 768 32 bpp 24 bpp 
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Dual CRTC Modes 


Table 8-2 (Continued) 


1600 
1600 
1600 
1600 


Table 8-3 


600 [ew | a30_| sebp | ert | Toop 
ooo [toe [ee fd 
600 
028 
<a 
768 
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Full Screen 3D Modes 


8.3. Full Screen 3D Modes 


The following tables represent the minimum.memory requirements for full screen 3D 
display in various colour depths and resolutions. 


Table 8-4 


[ane [eno ane [a 


Le eee ETO 
eve | ten [ame | 6MB | fem 


indicates memory size not supported 
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DVD/Video Modes 


8.4 DVD/Video Modes 


The following tables represent memory requirements for DVD Video Playback for both 
software and hardware MPEG decoding in various display modes. Both NTSC and PAL 
formats are provided in each table. DVD NTSC is a 720x480 YUV mode running at 30 
frames per second. DVD PAL is a 720x576 YUV mode running at 25 frames per second. 
The YUV mode is YUV12 in software MPEG decoding and YUV422 in hardware MPEG 
decoding. 


8.4.1 Software MPEG Decoding 
Table 8-5 


4M 
4 MB 
4 MB 
4 MB 
4 MB 


soo [75 | 4 
200 


20 [ae [awe [a6 | a8 


2 [awe 
768 [ 20 [ams a0 


ewe 
Tene 


ogee 
aete 
eters’ 
ate: 
eae a! 


delta between NTSC and PAL formats 
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DVD/Video Modes 


8.4.2 Hardware MPEG Decoding 
Table 8-6 


78,8 eee ee. 
gS 


POOe 
'e' 
SOCKS 


9000 
SOOO 


640 


a 


delta between NTSC and PAL formats 
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8.5 


Table 8-7 
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TV-Out Modes 


320x350 


320x400 
320x480 
360x400 
400x600 
512x384 
640x350 
640x400 
640x480 
720x350 
720x400 
720x480 
704x480 
800x600 
512x768 
640x768 
848x480 
1024x768 
1064x600 


TV-Out Modes 


The following table lists the modes (VGA and extended) supported by the integrated 
TV-Out. In general, the TV-Out can directly support any modes up to 1024x768 at 60Hz 
for NTSC and 50Hz for PAL. The TV-Out is dependent only on scaling limitations and 
the refresh rate of the TV. There are no memory requirements other than that of supporting 
the display mode as described in the Single CRTC and Dual CRTC sections above. The 
TV-Out supports any colour depth supported by the CRTC. By using the dual display 
and/or independent scaling and timing features of TV-Out, it is possible to support higher 
resolution modes using panning with a smaller resolution display. 


as 1024x600 as 1024x600 
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The electrical and thermal characteristics described in this document are specific to the 


3D RAGE LT PRO. Please contact ATI to obtain up-to-date information on how to 
support all of ATI’s graphics controllers, steppings, and foundries in one PCB design. 


9.1 Electrical Characteristics 

9.1.1 Maximum Rating Conditions 
Table 9-1 Maximum Rating Conditions 
Supoly Voltage, | VDDC, VDDR- -0.50V to +7.00V 
Supply Voltage, VEE -0.50V to +7.00V 
Input or Output Voltage -0.05V to (VEE, ay + 0.05V) 
DC Forward Bias Current | -12mA (source) + 24mA (sink) 
Storage Temperature (Plastic) | -40°C to 125°C 
The extreme values determine the maximum rating conditions and are stress related — 
operation of the controller at these conditions is not recommended. Ratings are referenced 
to VDD. Operating outside the ranges may cause permanent damage to the device, and 
operating close to the maximum rating conditions for extended periods may affect device 
reliability. Use the recommended ranges below. 

9.1.2 Recommended DC Operating Conditions 
Table 9-2 Recommended DC ey disso Conditions 
Gperaing Supply Voltage (VDDC) 3.3V 45% 
Operating Supply Voltage (VDDR) 3.3V +5% 
Operating Supply Voltage (VEE) 5V +5% 
Operating Case Temperature (TC) TBD 
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Electrical Characteristics 


9.1.3 


9.1.4 


AC Characteristics 
Table 9-3 AC Characteristics 


ROMCS# 

AD[31:0], DEVSEL#, TRDY#, STOP#, INTR#, PAR 
ZVPORT[18:0] 

HSYNC, VSYNC 

CAS, MD[63:0], RAS, CS[3:0] 

WE[7:0] 

MA[9:0] 


* AMB, 256Kx16 DRAMs, through a PCI edge connector. 


DC Characteristics 


TTL Interface 


Table 9-4 DC Characteristics - TTL Interface 


VIL Low Level rem 
Voltage 
VIH High Level Input 
Voltage 
VOL Low Level Output | \OL=Rated Buffer 02 0.4 V 
Voltage Current 
High Level Output lOH=Rated Buffer 
VOH 
Voltage Current 
Schmitt Trig. positive 
as threshold 


VT- 


Schmitt Trig negative ps | 8 


threshold 
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General 


Table 9-5 DC Characteristics - General Interface 


Electrical Characteristics 


IL Low level Inpu VieVSs 
Current 
WH High Level Input VleVCC L> 4 
Current 
leva Tri-State Output VO=OV or VCC pe 
Leakage 
Freq=1MHz 
Freq=1MHz 


Electrostatic C=100pF, 
| Protection R=1.5KQ 
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Electrical Characteristics 


9.1.5 Input/Output Specifications 
Table 9-6 Input/Output Electrical Specifications 


“ADIS1 :0] 


MAI9:0] ages ee -8mA rane [eT 3.3V, 5V Tol. 
WE#{7:0] VO ee ee eo 3.3V, 5V Tol. 
CS[3:0] | vO | 16mA | -16mA | SOKPU | Yes | 3.3V, 5V Tol. 
HSYNC | O | 8mA | -8mA | - | Yes 3.3V, 5V 
VSYNC | O |  8mA | -BmA | - Yes 3.3V, 5V 
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Electrical Characteristics 


Table 9-6 Input/Output Electrical Specifications (Continued) 


SYNC | O | 8mA | -8mA |  - | Yes | 3.3V,5V Tol. 
smug [© [mm [am [mem | vm [snare 
LCDTMG[3:0] | O | 8mA | -8mA | S5OKPD | Yes | 3.3V, 5V Tol. 
LTGIO[2:0]** /O smA | -8mA | 50KPD | Yes | 3.3V, 5V Tol. 
DIGON | O | 2mA ee eS 3.3V, 5V Tol. 
ST[2:0]* } O | 8mA | -8mA |  - | Yes aa 
searor [| 1 | - | - |__| -_| sav 
AGP_BUSY# | O | 8mA | -8mA |  -  |_ Yes 3.3V 


* Applies to 312 BGA package only. 
** A pplies to 256 BGA package only. 
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Electrical Characteristics 


9.1.6 TV DAC Characteristics 
Table 9-7 TV DAC Characteristics 


Resolution 


| 1.32143 V (NTSC) 

vo(nay) Mexmum Oxo vege] "Seevieauy | | | 
| 35.24 ma (NTSC) 

(ran) Meximn vou Caren | Sramaaly |” || 


Full Scale error 
DAC to DAC Correlation 


Rise Time (10% to 90%) 


aon 
ae 
a 


Glitch Energy 
Monotonicity - 


Notes: 


A. 


B. 


C. 


. About the mid point of the distribution of the three DAC’s measured at full scale 


Tested over the operating temperature range, at nominal supply voltage with an 
IREF of -3.04mA. (IREF is the level of the current flowing in the RSET resistor). 


Tested over the operating temperature range, at reduced supply voltage, with a 
-3.04mA IREF. (IREF is the level of the current flowing in the RSET resistor). 


Pull scale error from the value predicted by the design equations. 


deflection. 


Linearity measured from the best fit line through the DAC characteristic. 
Monotonicity guaranteed. 


Load = 37.5Q +20pf with IREF = -3.04mA. (IREF is the current flowing in the 
RSET resistor). 


From a 2% change in the output voltage until settling to within 2% of the final value. 
This parameter is sampled, not 100% tested. 


Monotonicity is guaranteed. 
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Electrical Characteristics 


9.1.7 DAC Characteristics 


All voltages in the table below are referenced to VSS unless specified otherwise. 


The Pixel Clock frequency must be stable for a period of at least 20 seconds. after power 
up (or after a change in Pixel Clock frequency), before proper device operation 
characteristics are guaranteed. 


Table 9-8 DAC Characteristics* 


a 
vo(may) [Maximum Output Votage | 1.4 
(max) [Maximum Output Curent | _-_| 2205 

—_|PACio DAC Conelaion | 2 

: 

: Rise Time (10% to 90%) =a 

[Full Scale Setting Time | _-_ 

—Jattch Every | 

= [enctonicty [= 


* See Table 9-9 on page 9 for PS/2 DAC characteristics 
Notes: 
A. Tested over the operating temperature range, at nominal supply voltage with an 


IREF of -2.93mA. (IREF ts the level of the current flowing in the RSET resistor). 


B. Tested over the operating temperature range, at reduced supply voltage, with a 
-2.93mA IREF. (IREF is the level of the current flowing in the RSET resistor). 


C. Full scale error from the value predicted by the design equations. 


D. About the mid point of the distribution of the three DAC’s measured at full scale 
deflection. 


E. Linearity measured from the best fit line through the DAC characteristic. 
Monotonicity guaranteed. 


F,. Load = 37.5Q +20pf with IREF = -2.93mA. (IREF is the current flowing in the 
RSET resistor). 
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Electrical Characteristics 


G. From a 2% change in the output voltage until settling to within 2% of the final 
value. | 


H. This parameter is sampled, not 100% tested. 
I. Monotonicity is guaranteed. 


J. Verpy 1s the measured value of logged data. It is the idealized V,..... shifted by 


2.9%. 


9.1.8 Calculating RSET Resistance (DAC Interface) 


A precision resistor (with 1% of nominal) is placed between RSET (pin 123) and analog 
ground (AVSS) to set the full-scale DAC current. This resistance is typically 422Q for 
PS/2 applications where the effective impedance is 37.5Q (doubly terminated 75Q loads, 
shown in the following figure). 422Q is an acceptable value for RSET with a slightly 
reduced white level. 


coax = 75Q 


TO MONITOR 


Figure 9-1. PS/2 Example 
The required resistor value can be calculated using the formula: 


RSET (Q) = (6.22 X Vorp X a)/ | 
where: 6.22 is the idealized 8-bit gain constant 
Vee is the idealized reference voltage (1.2V) 
o, is the systematic composite skew on idealized V,.,, and gain 
constant. It has been empirically determined to be 1.051 
from data logging. This amounts to a5.1 % overall 


correction. (2.9% attributed to V,,,, and 2.2% to the gain 


constant) 
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Electrical Characteristics 


Igy is the required DAC full-scale current given by: 


lout = (Y warte > VY ptack) / err 
For: Vite =0.7V 

Vetack = UY 

Zope = 37.5Q 


Loupe 0-7V - OV /37.5Q = 0.0186A 


Defining RSET in this fashion allows for a one time compensation for the systematic skew 
due to shifts on both V,..,, and the gain constant on the output white level by adjustment of 
O. 


The variation in @ has been set to be 10%, of which 6% has been attributed to the bandgap 
Gay = 1.2 x 1.029 + 6% = 1.235 + 6%), and the rest (4%) to the variation of the gain 
constant. Hence, | 


I max = 18.6mA x 1.1 
I min = 18.6mA x 0.9 


PS/2 Example: 


RSET (Q) = (6.22 xk Vo XO) / Toy 
= 6.22 x 1.2 x 1.051 / 0.0186 
= 4220 


Table 9-9 PS/2 DAC Characteristics* 


* Values obtained using 37.5Q load, 422Q (+ 1%) RSET with 8-bit white level. 
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Electrical Characteristics 


9.1.9 Analog Output Specification 


Conceptually, each 8-bit DAC can be viewed as two current sources connected in parallel. 
Each current source is controlled independently as shown below. 


IOR,IOB or lOG 


RELOAD 


Figure 9-2. Analog Output (DAC) 


With a 75Q doubly-terminated load, VREF=1.2V, and RSET=397Q PS/2 levels are 
shown below, with pedestal current set to 7.5 IRE. 


White Level 20.14mA 0.755V 


92.5 IRE 


Black Level 1.48mA 0.055V 


17.5 IRE Blank Level 0.00mA 0.000V 


Composite Video Output (with 7.5 IRE) 


Figure 9-3. Analog Output (Composite) 
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9.2 


9.2.1 


9.2.2 


Thermal Characteristics 
Thermal Characteristics 


The thermal operation characteristics of the chip depend on the board it is mounted on. 
The tables below present the values of 9CA (case-to-ambient thermal resistance) and 
TAmax (maximum ambient temperature) for different airflows over the chip. 


Table 9-10 Single-layer Board 


8CA(°C/W) 
TAmax(°C) 


Airflow 


8CA(°C/W) 
TAmax(°C) 


Maximum Ambient Temperature 


Typical maximum ambient temperatures (TAmax) can be derived from the following 
equation: 


TAmax = TCmax - P * 0CA 


Where TCmax is maximum case temperature, P is power dissipation, and 8CA is 
case-to-ambient thermal resistance. 


Power dissipation varies with different display frequencies but is typically between 1.0W 
to 2.0W when the chip is operating at nominal VDD. Case temperature (TC) may be 
measured in any environment, and should be taken at the center of the top surface of the 
device. 


Junction Temperature 


The junction-to-case thermal resistance (0JC) of this device is approximately 3°C/W. 
Junction temperature (TJ) may be calculated as follows: 


TJ = (0JC + 8CA) *P + TA 


The maximum junction temperature allowed (for worst case condition) is 100 degrees C. 
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Power and Case Temperature Measurements 


9.3 


Power and Case Temperature Measurements 


The following table represents the results of 3D RAGE LT PRO ASIC and memory (4M 
SGRAM) power consumption and case temperature measurements. Since the power and 
temperature depend on the activity inside the ASIC, the measurements were done in three 
categories — 2D demo on, 2D demo off, and 3D demo on — at a room temperature of 
23.9 °C 


An Intel A2 motherboard was used as a test station, and CRT display (ISR 10011-035) as 
an output device. 


Table 9-12 Power Consumption and Case Temperature 


Nominal: 640x480x32bpp at 75Hz 4 | 

Both 2D and 3D demo off. wee | easidd 
Extreme: 1600x1200x16bpp at 85Hz TBD 66 °C O8W 
3D demo on. 
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Physical Dimensions 


9.4 Physical Dimensions 
9.4.1 312-Pin PBGA Package 


Package outline PBGA 27x27mm - 312 +16 


10.250|C| 


Al 


ODNDN00DO0C'OOOOCO0O000N0 
€090000000)0000000000 


BPoco09N NaN Ng NONN NN NNN NO 
SBo0qc00Q0Qo0— og 0 C00 0O000000 


D2/E2 


o0000DDNDNDND OD CNCNOOCNOCONCNON0N 
foRekoneverozerenogze loholonorerererereore 
foRezokenovezevorere iehenonezererzerereone) 
COODD0DDDDDDOCDCDNONONOONOOND 
POSBSQOOIOIVOOS0CVCDONONON 


PreQuntamanm 220m dds x 


PIN Al INDICATOR (GOLDEN FINGER) 


Figure 9-4. 312-pin PBGA Physical Dimensions 
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Physical Dimensions 


Table 9-13 312-Pin PBGA Package pueiee Dimensions 


¢ | vaease [Sd 
eT [marseasio [SC 


Notes: 


e Drawing BGA 27x27 finished 14090116-004 
e Reference document JEDEC MO151 
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Physical Dimensions 


9.4.2 256-Pin PBGA Package 


Package outline PBGA 27x27mm - 256 +16 


Z\0.250|C. 


Bb (ey10.300 GIGAGBS) 
0.100 Oc 
12 


314.5 6 7 8 91011121314151617181920 


: cae 


= 


80000 


D2/E2 


QO90000000000 
DOOONOONQNNNN00000000 
pr aommamumte2weHd<¢< 


500000000 


PIN Al INDICATOR (GOLDEN FINGER) 


OPTIONAL 16 THERMAL BALLS 


Figure 9-5. 256-pin PBGA Physical Dimensions 
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Environmental Requirements 


Table 9-14 256-Pin PBGA Package Physical Dimensions 


oe | rt 
| arseasio [SS 


Notes: 


* Drawing BGA 27x27 finished 14090116-004 
e Reference document JEDEC M0151 


9.5 Environmental Requirements 


9.5.1 Ambient Temperature 
Operation: TBD 
Storage: 32 °F to 162 °F (0 °C to 70 °C) 


9.5.2 Relative Humidity 


Operation: 5% to 90% non-condensing 
Storage: 0% to 95% 
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A.l 


AGP Signal Routing 


AGP signals must be carefully routed on the graphics card to meet the timing and signal 
quality requirements set out in the AGP Interface Specification Technical Manual, 
Rev.1.0. This chapter presents some general guidelines which should be followed. These 
guidelines are also covered in the Accelerated Graphics Port Platform Design Guide, 
Rev.1.0. The trace lengths mentioned are the guidelines only, and it is the responsibility of 
the board designer to simulate the routing in order to verify that the specification is met. 
All trace lengths are defined for a nominal trace impedance of 65Q with a variation of 
+/-15Q. 


A.1.1 Trace Length 


Signal Trace length on the AGP board should not be greater than 3.00”. This requirement 
is derived from the flight time budget of 0.7ns for the add-in card. 


CPUCLK signal length should be carefully designed to match the 0.6 ns +/-0.1ns flight 
time requirement in AGP specification. This trace length has to be calculated based on the 
special implementation requirements: number of layers, thickness of layers, width of 
trace, etc. A simplified formula can be used to define the propagation delay 


Tprop (ps/in.) = — 85./(0, 475er + 0, 67) 


where er is the relative permeability of the substrate. 


A.1.2 AGP Signal Grouping and Routing 


AD_STB strobe signal is grouped with the address signals AD(15:0) and C/BE[1:0] and 
should be routed in the middle of the above address group. 


AD_STBI1 strobe signal is grouped with the address signals AS(31:16) and C/BE[2:3] and 
should routed in the middle of the above address group. 


SB_STB strobe signal is grouped with the side band address signals SBA(7:0) and should 
routed in the middle of the above address group 


Strobe signals should be within +/-0.5” of their respective groups. The pin assignment of 
the AGP groups on the 3D RAGE PRO is such that traces can be easily laid out to even 
tighter requirements. 
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Example: If strobe signal AD_STBO = 2.5” then signal group AD(15:0), C/BE[1:0] 
should be from 2.0” to 3.0” in length. 


Some rules will be applied to AD(31:16), SBA(7:0) and their strobes AD_STB1, ST_STB 
respectively. 


A.1.3 Signal Guarding and Trace Pitch 


A.2 


The following are the time critical signals which have to be guarded in order to minimize 
crosstalk - AD_STBO, SB_STB and PCI clock. It is intended to have a ratio of 1:4 
between signal Trace Width and Trace Pitch dimensions for the guarded signals. All other 
signals Width to Trace pitch ratios should be minimum 1:2. 


PCB Layout Considerations 


Digital circuits can easily generate large ground current spikes that appear as an increase 
in the circuit’s noise floor. You can achieve superior operation of the graphics subsystem 
when the coupled noise at the PLL and DAC supplies and references are minimized. The 
following rules of thumb adhere to the guiding premise that ground currents for digital 
circuits should be adequately bypassed and kept away from sensitive circuit areas and 
analog supplies. 


Keep digital signals away from analog signals. 


Keep digital components and wires as far away from analog sections as possible. 
Avoid routing digital signals through analog sections. 


Keep sensitive nets short by placing analog components close to the chip, and short 
wires over their respective planes. These are RSET, XTALIN, and XTALOUT. 


All power pins need by-pass capacitors placed as close to the pins as possible. | 


On 4-layer designs, position the ground plane closest to the component side and the 
power plane closest to the solder side. 


All ground nets, VSS, AVSS, and PVSS should be joined together at one location as 
close to the card edge connector as possible. 


Use a low impedance ground, 1.e., a continuous ground plane. 
Provide separate filtered power supplies for analog functions. 


Use capacitors and ferrite beads on RGB signals to reduce EMI for FCC 
requirements. 


Apply PCI specifications to routing traces from the PCI bus. 
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(Oscillator - Recommended) (Crystal - Option) 
C1 


R3 
Xtalin OSC VCC Xtalin 
C3 
C2 
Xtalout N/C Xtalout 
R4 
RSET 
LPVDD - VV 
PVDD PVDD 
LPVSS ~ 
PVSS 
\/ 
AVDD AVDD 
: C10 
AVSS (DAC Analog Ground) 
VCC = VCC 
GND 


C11 012 C13 C14 C15 C16 


\V 
Digital Ground 


3D RAGE LT PRO 


Note: For specific values, refer to the reference schematic. 


Figure A-1. PCB Layout Component Diagram 
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A.3. Routing and Layer Assignments 
A.3.1 Star Grounding 


Star grounding minimizes common mode voltages caused by the noise currents traveling 
through common mode impedances. Common mode impedance is created when long 
tracks are snaked around a board. A voltage can be developed at the point on the track 
(away from the common ground or supply point) which a primary current flows into. If 
this point is then used to provide a common ground point connection for a second macro, 
the voltage generated by the primary current will be superimposed on the ground of the 
second macro even if it (second macro) does not sink or source any current. 


Star grounding is an idealized grounding topology whereby macros are provided a 
separate and direct path to acommon physical point. This point is tied to a very low 
impedance path directly to the supply return. In this manner, no common mode impedance 
can be developed between macros and no noise coupling is possible. When correctly 
implemented, the Star point should physically appear to have many wires leading away 
from it to respective macros which rely on the point to provide a potential that is common 
to them all. 


All macros that attach to common analog grounds and supplies should have wide, short, 
low impedance paths to “star points”. Conceptually, this should be a wire to the power 
supply but practicality restricts it to a point on the circuit board. 


On the graphics controller, supplies are logically separated into three pairs: 


° AVSS/AVDD 
e PVSS/PVDD 
© VSS/VCC 


As the only one physical ground return exists, AVSS, PVSS, and VSS should be 
connected together to one point as close to the card edge connector as possible. 


A.3.2 Local Bypassing 


By bypassing the supply pairs (AVSS/AVDD, PVSS/ PVDD, and VSS/VCC) we 
minimize residual common mode currents that could couple in noise between macros in 
the common mode impedances that cannot be eliminated. (e.g., the wire connecting the 
power supply to the board). 
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A.3.3 Signal Referencing 


Signal referencing on the graphics controller is important since not all the signals are 
ground referenced. The significance 1s in the difference between the input node and the 
node to which it is referenced. For nodes which handle primarily DC and LF (ow 
frequency) information, a high-pass function in the form of either guard ring or guard 
island can be formed from adjacent tracks and underlying layers, respectively. 


A.4 TV Output Layout Considerations 


Component placement: The ASIC should be placed as close as possible to the output 
connectors in order to minimize noise pickup and reflections due to impedance 
mismatch. Discrete components should be placed as close as possible to the 
associated ASIC pins, and vias must be avoided as much as possible. 


Ground plane: A common digital and analog ground plane is recommended. 


Power plane: Separate digital and analog power plane is recommended. These two 
planes should be connected at a single point through a ferrite bead as illustrated earlier 
in the implementation diagram. 


Device Decoupling: All decoupling capacitors should be placed as close as possible 
to the ASIC. Surface mount capacitors are recommended for minimum lead 


_ inductance. The trace length between groups of power and ground should be as short 


as possible to minimize inductive ringing. 


Power supply decoupling: Pairs of 22 uf and 0.1 Uf capacitors are used to perform 
decoupling on each group of power and ground. These capacitors should be placed as 
close as possible to the associated ASIC pins and connected with short wide traces. 
The 22 uf capacitors is for low-frequency power supply ripple and the 0.1 uf 
capacitors for high-frequency power supply noise rejection. 


Digital signal interconnect; The digital inputs to the ASIC should be isolated as 
much as possible from the analog outputs and other analog circuitry. These input 
signals should not overlay the analog power plane or analog output signals. 


Analog signal interconnect: Digital traces must not be routed under or adjacent to 
the analog output traces (to avoid crosstalk from digital lines). The video output 
signals should not overlay the analog power plane (to maximize high frequency 
power supply rejection). The load resistor should be as close as possible to the ASIC 
to minimize reflection. 
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A.5 


3D RAGE LT PRO Controller Specifications 


LVDS Layout Considerations 


Low Voltage Differential Signalling (LVDS) will inherantly allow longer traces by 
cancelling common mode noise. The following layout considerations should be used in 
the PCB layout: 


Keep differential pairs close to each other and parallel to maximize differential benefit 
Maintain identical physical and electrical length of differential pair 


Use rounded (avoid sharp 90 degree) edges to reduce change in impedance especially 
for high frequencies | 


Separate TTL/CMOS signals from LVDS differential signals to avoid crosstalk; 
increase distance, run ground trace or use differential plane between TTL/CMOS and 
LVDS signals 


Use ground plane between differential signal pairs on connector and cable 
Ensure proper impedance matching of PCB trace to avoid reflections 


Place termination resistor as close to the LVDS receiver as possible 


Please refer to reference schematics and LVDS Receiver specifications for more details. 
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Single Read/Write Cycle Timing, 7-2 TV-Out 

SO-DIMM Module Interface, 4-J// display modes, 8-7 

Software Support, 2-/3 encoder, 3-9 

Star Grounding, A-4 features, 2-5 

STN Panel Timing, 7-27 interface, 4-23 

Strap Resistors, 5-/ 

Strap Resistors Summary, 5-/ ¥” 

‘a Video Coprocessor, 3-4 

Video Timings 

Table Conventions, 6-/ Burst Access Timing - PCI, 7-4 

Texels, 3-3 Disconnect on Burst Cycle - PCI, 7-3 

Texture Mapping Engine, 3-3 

TFT Panel Digital Interface, 4-/8 FZ 

TFT Panel LVDS Interface, #-2/ 

TET Panel or DSTN LVDS Interface, 4-20 Zoom Video (ZV) Port 

TFT Panel Timing, 7-26 features, 2-8 

The PCI Bus Interface, 4-4 interface, 4-/6 


Thermal Characteristics, 9%-// 
Timing diagram : 
AGP timing, 7-7 
Burst Access-PCI Bus, 7-4 
Clock Start or Speed-up, 7-7/0 
Clock Stop or Slow-down, 7-/0 
Disconnect on Burst Cycle-PCI 
Bus, 7-3 
DRAM Cycle, 7-/4 
Hyperpage EDO Cycle, 7-/6 
LVDS panel, 7-3] 
Maintaining Clock, 7-J/ 
Panel Power Sequencing, 7-33 
PCI Bus Master Operation, 7-5 
Refresh Cycle, 7-78 
Reset timing, 7-/2 | 
SDRAM/SGRAM Cycle, 7-19 
Single Read/Write Cycle - PCI, 7-2 
STN panel, 7-27 
TFT panel, 7-26 
Transmitter Channel to Channel 
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Skew, 7-32 
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